




















The earth is being 
bombarded con- 
tinuously by super- 
power particles, 

the energy of which 
rises to at least 

20 billion e-volts. 

A hundred or more 
such particles shoot 
each minute 
through the head 
of every person 
living on the 
earth.... 

Here is a fascinating 
account of the 
history and methods 
of discovery and 


investigation of these mysterious 


COSMIC RAYS 
by R. A. MILLIKAN. 8s. 64. net 


Phenomena first noticed in 1906, and continuously investigated since 
then by the most delicate experimental methods, led Millikan and 
other experimenters to formulate the theory of cosmic rays. This 
book tells the whole history of this most remarkable of recent 
discoveries in physics, relating the results achieved, and illustrating 
and describing in detail the beautiful instruments used in the work. 
It also answers, and answers satisfactorily, that embarrassing ques- 
tion often asked by plain men with no nonsense about them: What 


is the good of physics? 
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SCIENTISTS AND WAR DISCOVERIES 


AR treats scientists rather differently from the rest of the community. 

It means, as a rule, that they are torn away from an interesting problem 

of their own choice and set to work on an uninteresting problem of 
someone else’s. Almost all the scientific problems of wartime are excessively dull: 
but they happen also to be excessively important. So Rutherford, in the last war, 
threw himself into new methods for listening to submarines, and tried (not alto- 
gether successfully) to forget the idea of atomic disintegration that was lurking in 
the corner of his mind. In the same way, most English physicists have been working 
on war devices since last September. 

Now physics is the master science for this war, and will be so in any war to come. 
And the English physicists of the present day are as able a body of scientists as has 
ever existed anywherc; in a mysterious, hit-and-miss, haphazard fashion, English 
physics has dominated the world—it is hardly claiming too much to say since 
Newton, and certainly since Faraday. That supremacy cannot last much longer, in 
the nature of things: during this war it will pass to America, and stay there: but at 
the moment we have the advantage of the living tradition and the actual fact. 

That is an advantage which will press itself forward more dramatically as the 
war goes on; the closer one is to English science, the more faith one develops in its 
competence and invention. That is, there is no doubt that in two years’ time this 
country can produce more effective war discoveries than its enemies. But, since 
a certain wishful complacency is a national vice—and is becoming the most 
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frightening feature of this war—it is necessary to give a warning. At present the 
balance of war discoveries is on the other side: at present they have a scientific 
Start on us. 

It seems a paradox: but the explanation is quite simple. In 1933 English physics 
was stronger and richer than German, and specially stronger on the experimental 
side which leads most directly to war discoveries. Since 1933 Germany has got rid 
of, in one way or another and for one cause or another, between one-third and a 
half of its most effective physicists. In potential, therefore, we are stronger than 
ever. But the remaining scientists in Germany, and in particular young men just 
beginning their careers, have been diverted to war problems for years on a scale 
quite different from ours: we have only equalled it since the war began. 

We have always possessed, of course, scientific staffs working for the Admiralty 
and the Ministries of War and Air. These have done good work; and pure profes- 
sional scientists have been inclined to give them too little credit. But in Germany, 
for six years, these staffs have been recruited from men who in England would 
automatically have devoted themselves to academic research. Six years is a 
longish time; war problems in most cases, though not all, are likely to be solved 
most rapidly by twenty competent workers than by one distinguished one. And so 
the German method, despite our superiority in ability, could not fail to give them a 
Start. 

It is nothing to be alarmed about. Talk of “secret weapons” is good propaganda, 
but bad science. War discoveries are nearly always minor dodges: for instance, it 
looks as though the exploding device in German torpedoes is more efficient than 
ours. Minor dodges or major, however, we ought to be in front. With ingenuity we 
can catch this start up by the summer, and be ahead by the end of the year: once 
we are ahead, our more versatile human resources will show themselves. 

By this time next year, the scientific side of the war ought to be the least of our 
worries. But it wi// need ingenuity to make it so: in particular, ingenuity in 
organization. We are a gifted people: instead of congratulating ourselves on the 
national character so often, it might be truer to congratulate ourselves on the 
national brains. Despite our gifts, however, it is a long time since we had to make 
shift; and the knack of organization grows in adversity. We are at war now with 
the best organizers in the world; and we shall need to copy that quality, to recapture 
that skill we need to have, before we win. The immediate use of scientists is one of 


our most obvious tests. 
THE EDITOR 
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What Stars Are Made Of 


Recent work by Bethe and Gamow on the generation of energy in the stars has provided 
a new link between astronomy and physics. Mr Evans, of the University Observatory, 
Oxford, here describes this work, and explains to the layman how astrophysicists are 


determining the composition of the stars. 


HERE is only one star in the sky which 
has ever been observed as anything 
more than a mere point of light. This star 
is, of course, our sun. 


If common salt is sprinkled on a flame, 
its light becomes yellow and the spectro- 
scope shows that this light is all concen- 
trated in two bright lines 





Any information about 
the structure and compo- 
sition of any other star 





By D. S. EVANS 


close together in the yel- 
low region. Salt is a 
compound of the metal 








must be derived from the 
minute amount of light which it sends to 
the earth. 

Three kinds of observations can be made 
on this light: we can estimate its total 
amount, we can observe its colour, and we 
can subject it to the penetrating analysis of 
the spectroscope. All these classes of 
observations are used in determining the 
composition of the stars, but the most 
obvious line of attack is by means of the 
spectroscope. 

The function of this instrument is to 
spread out the starlight into a band accord- 
ing to its colour. One end of this is deep 
red and the other violet, while between 
these two extremes the colour changes 
steadily through all the colours of the rain- 
bow, so that each point of the band 
corresponds to a perfectly definite colour, 
or wave-length. If we examine the spec- 
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sodium, and if we try with 
other compounds of this metal, such as 
washing soda or baking powder, we shall 
find that these lines still appear. If we now 
pass white light through a tube containing 
some sodium vapour, the spectroscope 
shows a band of light crossed by two dark 
lines which occupy exactly the same posi- 
tions as the bright lines did before. 

These are very simple instances of a 
general rule that an element has a perfectly 
definite set of lines by which it may be 
recognized. In the case of the stars, the 
metallic vapours in their atmospheres 
register their own particular trade marks on 
the starlight and so betray their presence. 
Thus we can say at once that the sun 
contains hydrogen and many of the metals, 
and that the bright star Vega contains 
hydrogen and calcium. The trouble is, it 
does not follow that if the lines of an 


4 


Part of the solar spectrum showing metallic lines. The line on the extreme right is Hd. In spite 
of the fact that the sun contains 30%, of hydrogen, this line is not very prominent 


trum of any particular star we see that the 
band of light is crossed by narrow lines of 
darkness, or sometimes, in certain types of 
hot stars, there may be lines of extra 
brightness. These lines are the “spectrum 
lines’? and can immediately be used to tell 
us something about the composition of the 
star from which they arise. 


element are absent the star does not con- 
tain that element. 

We must remember, first, that the visible 
region of the spectrum is only a minute 
part of the total possible range of wave- 
lengths, and that if an element produces 
lines far in the ultra-violet region we shall 
not be able to observe them because the 
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earth’s atmosphere is not transparent to this 
kind of light (it has an absorption spectrum 
of its own), and we cannot observe these 
regions of the spectrum. 

A second important point is that the 
spectrum of an atom consists of very 





The sodium lines in absorption. The lines in the 
lower spectrum are blacker than in the upper 
one. They are produced by nearly three times 
as many atoms 


many more lines than those which can be 
produced in the way already described. An 
atom may have a whole series of lines, only 
a few of which lie in the visible range, and 
which of the lines appear strongest is 
determined by the temperature of the 
atmosphere in which the atom occurs. 
Thus hydrogen has a whole series of lines in 
the ultra-violet, and a whole set of series of 
lines in the infra-red, besides the one series 
in the visible region. 

An atom produces these lines by changes 
in the energy of the electrons which move 
about the central nucleus—the weighty 
part of the atom. The situation is further 
complicated by the fact that if an atom has 
more than one electron (and this is true of 
every element but hydrogen), then, if the 
temperature of the atmosphere is high 
enough, the electrons can get hold of so 
much energy that one or more of them 
may be torn clean off the atom. When 
this process of “ionization”’ occurs, the 
damaged atom acquires an entirely new 
spectrum, and it may happen that none of 
these new lines lies in the region accessible 
to observation. Thus if we had a star con- 


taining, say, calcium in its atmosphere and 
we raised its temperature, after a time the 
calcium lines would begin to fade out and 
would be replaced by those of ionized 
calcium, so that two stars containing the 
same amount of calcium would show these 
lines in very different strengths, depending 
on the temperature of the star. 

The dependence of the strengths of the 
lines of a particular element on its abun- 
dance and the temperature may be illus- 
trated by the analogy of a kettle containing 
some water. If the kettle is cold, then, how- 
ever much water it contains, the steam 
pressure will be nil, but unless we know the 
temperature of the kettle we shall be unable 
to distinguish this case from that in which 
the kettle is very hot but contains no water. 
In such a situation, of course, we can look 
inside the kettle or measure its tempera- 
ture, but in the stellar case no such simple 
solution is available. 

We can, however, estimate the tempera- 
ture of the star in two ways. We can either 
examine the colour of the star, that is, we 
can study the character of the light which 
flows between lines, or, by calculating 
the temperature at which the lines of an 
element should be strongest, we can esti- 
mate the temperatures of those stars in 
which these lines appear strongest. The 
interpretation of the results is of a very 
technical nature, and the temperature 
estimates are by no means certain. One 
reason is that many of the stars radiate 
most in the unobservable ultra-violet 
region. We can, however, say with fair 
certainty that a star like Vega, in which the 
hydrogen lines are very strong, must have a 
temperature of at least 10,000° C. and that 
the temperature of the sun’s surface must 
be about 6000° C. 

Now that we know the temperature of 
our kettle, we can estimate how much water 
it contains. The results of such calculations 
are rather startling. It appears that the 
most important single constituent of the 
atmospheres of the stars is hydrogen. The 
highest estimate is that of Professor H. N. 
Russell, who found that there were 1000 
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hydrogen atoms for each metal atom, and 
that the metal atoms formed a definite mix- 
ture called the Russell mixture, consisting 
mainly of magnesium, silicon, iron and 
sodium. As he put it, there is a mere 
“smell of the metals’ in an otherwise 
pure hydrogen atmosphere. The present 
view seems to be that this is an overestimate 
of the hydrogen abundance, but that 
hydrogen is still by far the most important 
single constituent of stellar atmospheres. 

This result is obviously of vital import- 
ance for the understanding of the structure 
of the stars, and, fortunately, it can be 
verified by a different approach to the 
problem. 

If we consider any little piece of matter 
within a star, we know that it is being 
pulled towards the centre of the star by the 
force of gravity, and we can estimate this 
force from the way in which the material of 


is a notion foreign to our ordinary ex- 
perience, since this pressure only becomes 
appreciable at very high temperatures. It 
would need a temperature of 70,000° C. to 
produce a pressure of | lb. per square inch, 


but, since in the hottest parts of a star the 
temperature may be as much as 40 million 


degrees, it is easy to see that this factor is 


of the greatest importance. 
Now in order to use this radiation 
pressure the material of the star must be 


capable of absorbing the radiation. If the 


matter of the star were completely trans- 
parent, the radiation would blow through it 
like wind through wire netting and produce 
no effect. In this radiation wind stellar 
material behaves like a leaky sail; the 
radiation which leaks through is what we 
see, and in the process of leaking through it 
keeps the star blown up to its proper size. 
This leakiness or “opacity” can be calcu- 














Spectra of Vega, Regulus and Procyon showing the Balmer series of hydrogen. 
The second line from the right is Hd 


the star is distributed. In order to prevent 
the star from collapsing, there must be a 
force to balance this. This balancing force 
is provided partly by the pressure of the gas 
of which the star is composed, and partly 
by the pressure of the radiation which js 
flowing through the star and which will 
eventually get out into space as starlight. 
The idea that light can exert a pressure is a 
Strange one, and it is not surprising that it 


lated, and luckily this calculation is 
enormously simplified by the fact that the 
opacity of the star and the way in which it 
shares out the duty of support between the 
gas pressure and the radiation pressure 
depend mainly on how much hydrogen the 
star contains. The exact constitution of the 
metallic part of the atmosphere does not 
much matter, since at the high temperatures 
with which we are concerned the metal 
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The spectrograph, 73-inch reflector, Victoria 


atoms are all completely ionized and have _ series of theoretical stars each of which has 
lost most of their distressingly individual the same mass and radius as the sun, but 


properties. which contain different amounts of hydro- 
By such means we can construct a whole gen. Some of these stars will be brighter 
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The Principle of the Spectroscope: light from the narrow slit on the left is made parallel by a 
lens. In passing through the prism, the red rays (broken line) are deviated less than the blue 
rays and come to a focus on the photographic plate at a different point 


than the sun and others fainter, but only 
two will have exactly the right luminosity. 
One of these will consist of practically 
nothing but hydrogen, and the other will 
contain about 33°. It isin this connexion 
that we need our observations of the total 
amount of light from the stars. 

We can now say with some confidence 
that the stars do contain a high proportion 
of hydrogen, and it has been shown that 
this may be as much as 70%, according to 
the size and mass of the star. 

The most important consequence of this 
result is that it makes possible an approach 
to the problem of how the stars generate 
their enormous outputs of energy. 

This problem was first attacked many 
years ago by Kelvin and Helmholtz, who 
thought that a star obtained its energy by 
collapsing. However, the amount of energy 
which can be obtained in this way is not 
nearly sufficient to keep the star going for 
the very long period of time which it is 
necessary to assume in order to fit in with 
geological and other evidence. After the 
discovery of radioactivity, in which energy 
may be produced by transmutation, it was 


generally assumed that the stars generated 
their energy by changes in the nuclei of 
atoms. When the high abundance of hydro- 
gen became established, it became clear that 
the energy must be generated by the con- 
version of hydrogen into helium, but the 
great difficulty was to explain the details of 
this conversion. 

A helium nucleus contains four protons 
or hydrogen nuclei, but it does not weigh 
exactly four times as much as a proton. 
A little mass has been lost, and it is this 
mass difference which, when converted into 
energy, must provide the source of energy 
of the stars. The transmutation process 
cannot be accomplished directly, since it 
can be shown that the probability of four 
protons all colliding at once is so small as 
to rule out this method completely. 

Inside a star the gas particles are moving 
at about the speeds of the particles used in 
physics laboratories for the production of 
artificial radioactivity. What happens is 
that a fast proton may collide with the 
nucleus of another atom and be absorbed 
by it. This means that a new element has 
been produced, and if this element is 
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Barnard 


The Milky Way near M 11 


unstable it may break up again but not 
necessarily into the pieces from which it 
was made, and energy may be liberated in 
the process. 

Bethe and Gamow have described a 
process which is believed to account for the 
generation of energy in the stars, of which 
a rough outline is as follows: First, a carbon 
nucleus collides with a proton and is con- 
verted into radioactive nitrogen, which 
later breaks up into an isotope of carbon 
and a positive electron. When the nitrogen 
is formed, some energy is liberated. Further 


protons are absorbed, and after each step 
either some energy is generated or a positive 
electron is emitted. Finally, after a total of 
six Steps in which four protons are taken up 
in turn, we find ourselves left with the 
original carbon atom and a helium nu- 
cleus. The carbon and the nitrogen have 
thus merely acted as catalysts and are not 
used up, while the hydrogen is steadily 
converted into helium and energy steadily 
radiated in the process. This process 
satisfies two essential conditions: first, all 
the processes involved can be made to work 
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Yerkes Observatory 


Nebulous region in Cepheus 


on a small scale in the laboratory, and 
secondly, it does not go as fast backwards 
as forwards but is genuinely progressive. 
It also produces about the right amount of 
energy in a steady stream, not in one grand 
short outburst or an insignificant trickle. 
This work has thrown a great light on a 
fundamental problem of astrophysics which 
was formerly shrouded in obscurity. It has 


provided a new link between the laboratory 
and the star, and, by increasing our under- 
standing of the experiments which are 
being conducted in these celestial work- 
shops under conditions which cannot be 
imitated on earth, will perhaps enable us to 
repay the new debt which astronomy has 
contracted in the continual exchange 
between physics and astrophysics. 








PHYSICS IN ARCHAEOLOGY 


By Dr E. G. RICHARDSON 


Musical instrument makers now have their research organizations, while famous museums, 
such as the National Gallery in London and the Metropolitan in New York, have set up 
physical laboratories for the scientific study of works of art. Possible applications in 
archaeology are not so obvious, but in this article Dr E. G. Richardson of Durham Uni- 
versity Shows us how two branches of physics, viz. acoustics and soil physics, may be called 


upon to assist the archaeologist. 


HILE the experienced digger can tell 
from the ring of the spade as it is 
thrust into the earth whether there are 
considerable masses of hard material 
beneath, some form of echo-prospecting 
equipment, such as is used for locating 
subterranean strata of coal, iron-stone and 
the salt domes over oil fields, suggests itself 
as a more exact instrument. The apparatus 
consists of a source (S, Fig. 1) to produce 
seismic waves in the earth’s crust; a 
detector (£) at some distance which receives 
both the direct wave travelling by the 
straight path (SE) from sender to receiver 
and also the reflected wave travelling by 
the longer route (SCE) down to the rock C 
or other hard stratum and back to the 
surface; a chronograph which records the 
time elapsing between the arrival of the 
direct and reflected wave and from which 
the location of the reflecting surface is 
found. 
The practice, by which the sending out of 
a train of sound waves and the return of 
their reflexion from a surface below the 
source is used to detect the position of the 
reflecting surface, requires modification 
when the source is but a short distance 
above the reflector. Although the amount 
of energy available for collection by the 
receiving microphone then becomes greater, 
this advantage is offset by the short time- 
period which has to be measured. 
In this connexion, the cathode-ray oscil- 


lograph (O) suggests itself as a substitute 
for the chronograph usually employed. If 
the source gives out periodic impulses, the 
sweep circuit of the oscillograph may be 
arranged to work in synchronism with the 
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pulses. The amplified potential from the 
microphone is then taken to the other pair 
of plates in the electron tube. The arrival 
of the direct and reflected sound is then 
apparent as “‘jags”’ in the erstwhile hori- 
zontal line traced out by the electron spot 
(cf. Fig. 1). From the relative position of 
these marks on the screen, the path difference 
of the two rays is computed, and hence the 
depth of the reflecting surface below the 
level of source and microphone, provided 
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the velocity of sound in the intervening 
medium is known. If this be unknown or if 
the reflector is inclined to the plane of 
source and microphone, these factors may 
be determined by varying the separation of 
source and detector. This device has been 
successfully used in air at the height of a 
metre over a concrete floor, after removing 
all other reflecting surfaces in the immediate 
vicinity, the source of sound first tried 
being a handclap repeated at second 
intervals. In this case the source of sound 
and the sweep circuit were timed to a 
metronome, but a circuit employing a 
glow-relay was afterwards devised to 
produce highly damped impulses in a 
loud-speaker and at the same time to 
operate the sweep circuit in synchronism. 
Fig. 2 shows the detecting equipment, i.e. 
microphone, amplifier and oscillograph. 
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The process by which the soil scientist 
compares two specimens in order to obtain 
information about their relative sources 
and histories, and known to him as 
“mechanical analysis’’, also presents some 
possibilities for the archaeologist. 

In order to make an analysis of the 
distribution of the relative numbers of 
particles into the various size categories, 
supposing for the present that they are 
solid grains, we take a sample on a cover- 
slip, dry off the superfluous liquid, and 
examine the specimen under a microscope. 
If it is desired to compare relative con- 
centrations as between different soils, the 
number comprised within a small square 
ruled on the glass may be counted, pro- 
vided the concentration is not too great. 
The graticule in most common use is a 
square millimetre, but when the grains are 
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Fig. 2. Detecting equipment, showing microphone, amplifier and oscillograph 


This experiment suggests the possibility 
of using the echo-sounding device in 
archaeology for locating hidden pavements, 
sarcophagi, etc., buried a few feet beneath 
the earth. It was, in fact, with this object 
in view that the experiment in air was made. 
Some form of mechanical beater, like that 
shown in Fig. 1, based on the implement 
common in modern road repairing for beat- 
ing down the earth, would form the source 
and a geophone at E would replace the 
microphone. Oscillographs and amplifiers 
are to-day made so compact that transport 
of the apparatus should not be irksome. 


more rarely disseminated the square centi- 
metre may be used for the count. By means 
of a powerful microscope provided with an 
eyepiece having a millimetre accurately 
engraved on it and divided into one 
hundred parts, it is possible, if the observer 
is endowed with patience, to form an 
estimate of the average diameter of the 
particles, but a better method than this 
employs analysis by sedimentation. For 
this it is merely necessary to allow the 
grains to settle in a liquid of sufficient 
density for them to fall to the bottom of the 
vessel under gravity in a reasonable time. 
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The particles will sink at a speed propor- 
tional to their surface area, that is to say, 
as the square of their radius. Thus the 
liquid will first be cleared of the largest 
particles, and then smaller and smaller 
ones will remain until only those which are 
too small to sink subsist in permanent 
suspension. If then, after stirring well to 
enable the solid to be evenly dispersed, we 
allow sedimentation to commence, a 
sample taken by sucking a small volume at 
a certain depth gently into a pipette will 
contain specimens of all those sizes, in their 
correct proportions, which have a falling 
velocity insufficient to carry them beyond 
this depth at the instant of sampling, but 
will be entirely wanting in larger ones. 
Thus if we want to know how many 
particles there are, relatively speaking, 
whose size is associated with a falling 
velocity in the liquid of 1 cm. per minute, 
we might take samples at a depth of 20 cm. 
below the surface. As the surface particles 
in question would pass the observation 
station in 20 min., if we took the difference 
in weight of samples trapped at 19 and 
21 min. respectively from the start, this 
difference would represent the required 
number. Fishing at the same depth at a 
series of epochs and taking differences in 
this way would eventually give us the 
required relative masses of particles of 
different average sizes in the specimen. 

In practice, the suspension is held in a 
tall tank about 2 ft. high and the sampling 
done a few inches from the bottom. The 
samples may be sucked out into a pipette, 
dried and weighed, or the density of the 
suspension at the same locality may be 
measured from time to time. The density 
changes at the same rate as the quantity of 
solid left in the liquid and is often more 
quickly read than the actual weight of 
solid, entailing as this does careful drying 
and weighing of the residue on a sensitive 
balance. A third alternative is to immerse 
the pan of a balance at the desired 
depth in the tank and measure from time 
to time the gradually increasing load of 
sediment. 


In the author’s instrument, the sampling 
is done by means of a narrow horizontal 
beam of light traversing the tank at the 
required depth from the lamp B and falling 
on a photoelectric cell A, coupled to a 
sensitive galvanometer (cf. Fig. 3). (The 
thick glass plate C prevents thé heat of the 
lamp from disturbing the liquid.) The 
photoelectric current at any instant gauges 
the amount of light which gets through the 
tank. At first the current is low, but as the 
heavy grains settle the liquid begins to 
clear and the current gradually rises to 
approach its ultimate “clear-water”’ value. 
It is, of course, essential to establish a 
relationship between the number and size of 


C 


- 




















the particles and the light which they cut 
off. Provided the concentration is small— 
in practice, a 1°, suspension is used—it 
has been found that the light extinguished 
is directly proportional to the surface area 
of the particles, at least for sizes down to 
| micron. This is what one would expect if 
they acted as obstacles of a certain area, each 
casting independent shadows on the photo- 
electric cell. (The test in question was made 
by comparing the effects of continuously 
stirred suspensions of grains of uniform 
size, such as the spores of fungi, in the light 
beam.) 





In 
on | 
firm: 
cien! 
in sc 
contr 
the 
mitt 
Turi 
by 
bou 
Cun 
four 
by ¢ 
ditc! 
the 
que: 
tem 
wit 
the 
the 
dive 
latte 
con 
arti 


adv 
Scie 
wor 
in t 
WO! 
alsc 
reg 


solt 
fun 
mil 
seq 
con 
res¢ 
abc 
Pre 
Ma 


Pre 
Mr 
Sir 


; Sampling 
horizontal 
nk at the 
ind falling 
Dled to a 

3). (The 
eat of the 
lid.) The 
nt gauges 
rough the 
but as the 
begins to 
' rises to 
T”’ value. 
tablish a 
nd size of 


they cut 
small— 
used—it 
guished 
ace area 
lown to 
xpect if 
ea, each 
- photo- 
is made 
nuously 
iniform 
he light 


DISCOVERY 71 


In archaeological excavation, an analysis 
on these lines will sometimes give con- 
firmatory evidence, though scarcely suffi- 
cient to stand alone. A case in point arose 
in some work undertaken by the author in 
connexion with excavations carried out by 
the Durham University Excavation Com- 
mittee a few years ago at a fort on the 
Turf Wall, which was afterwards replaced 
by Hadrian’s Stone Wall, in the neigh- 
bourhood of Birdoswald (Camboglanna), 
Cumberland. For a short distance the 
foundations of the fort were accompanied 
by a diversion of the north bank of the 
ditch, the line of which was intercepted by 
the foundations of the fort. It was a 
question whether ditch and fort were con- 
temporaneous or whether part of the ditch 
within the diversion had been filled in when 
the fort was subsequently constructed. In 
the former case the north bank within the 
diversion would be undisturbed soil; in the 
latter it would presumably have the same 
composition as that of some other assuredly 
artificial works in the interior of the fort. 
On making analyses of the soil from these 


and other places in the immediate neigh- 
bourhood, the latter hypothesis was shown 
to be the true one. Not only were the 
mechanical analyses of the certainly man- 
handled specimens from inside the fort 
and from the north wall of the ditch similar, 
but these soils were blacker in colour than 
those from outside. This deduction was 
confirmed by archaeological evidence from 
the finds within the banks in question, 
though negative physical evidence—dissimi- 
larity between the mechanical analyses of 
the man-handled and the suspect soil— 
would not have been conclusive for the 
first hypothesis. 

It is certainly striking that, after nearly 
two thousand years during which the soil 
has been trodden over and pastured, the 
soil from the interior of the fort and the 
bank of the ditch should preserve sufficient 
physical similarity for their identification. 
This leads to the hope that physical—and 
possibly also chemical—analysis of the soil 
may be more widely adopted as a research 
tool in archaeology. 








AN ADVISORY COUNCIL OF SCIENTIFIC RESEARCH 


An Advisory Council on Scientific Research and Technical Development has been set up to 
advise the Minister of Supply on scientific and technical problems. Through its Directorate of 
Scientific Research, the Ministry of Supply controls a large volume of scientific and technical 
work with direct application to military needs. The Council, which is composed of men eminent 
in the various branches of science with which the Ministry is concerned, will ensure that this 
work is conducted with due regard to recent advances in scientific knowledge. The Council will 
also initiate new proposals for research and technical development, and make recommendations 
regarding the most effective use of scientific personnel. 

The type of research to be considered is almost entirely applied research directed to the 
solution of problems associated with munitions of all kinds. The Council aims at making use of 
fundamental scientific discoveries and the latest technical advances, and in adapting these to 
military needs through the various stages of laboratory work, design, experiment, trial and sub- 
sequent improvement. Much of its work has to be kept secret, but it is essential that very close 
contact should be established with the work of the Universities, industry, and other Government 
research laboratories as well as with those of the Admiralty and Air Ministry, and this is brought 
about by adequate liaison machinery. 

The Council, of which Lord Cadman of Silverdale is Chairman, will be constituted as follows: 
Professor E. N. da C. Andrade, Dr E. V. we Sir Joseph Barcroft, Professor W. L. Bragg, 
Major-General E. M. C. Clarke, Professor J. D. Cockcroft, Major-General A. E. Davidson, 
Dr H. J. Gough, Dr H. L. Guy, Brig.-General Sir Harold B. Hartley, Professor I. M. Heilbron, 
Professor A. V. Hill, Professor R. S. Hutton, Sir Robert Robertson, Sir Robert Robinson, 
Mr J. Rogers, Sir Frank E. Smith, Professor R. V. Southwell, Professor G. 1. Taylor, Lt.-General 
Sir Maurice Taylor, Sir Henry T. Tizard. 

The Joint Secretaries of the Council will be Mr E. T. Paris and Mr F. Roffey. . 

The Admiralty, Air Ministry and Ministry of Home Security are also represented on the Council. 








Are You Sensible? 


Music in factories, colour schemes in offices—a century ago these were not even contem- 
plated, but to-day experiments are proving the efficacy of schemes to relieve monotonous 
labour and resultant nerve- and eye-strain. Similarly, all our senses have to be catered for 


to insure mental balance. 


In this article Mr R. Johnson explains what and where these senses are, and how they 
function. Appetite, he says, has a psychological basis, but hunger and thirst are physiological. 


_ title is pertinent—not imperti- 
nent—as it refers to the abstract 
qualities termed the senses, of which so 
little is known. What are our senses: 
where are they located: how do they func- 
tion? We have all asked these questions 
without satisfactory answer, for, until 
recently, not much of a definite nature was 
known about these wonderful intangible 
faculties which constitute our proper 
appreciation of life. 

When we consider how much the senses, 
say taste and smell for example, contribute 
to our mental balance and joie de vivre, and 
reflect on the vast industries assiduously 
employed in catering to their preferences, 
it is astounding that so little (of a positive 
scientific character) was, and probably is, 
known about them by the general public. 

The old order changes: intensive re- 
search over all the world has attacked the 
problem with every weapon of experi- 
mental science to ascertain the mechanism 
of these curious emanations of the human 
brain, and to establish the best methods of 
accommodating them to modern, high- 
speed conditions. Many neurosis specialists 
have asserted that certain diseases of the 
nerves can be traced to abnormal de- 
velopment of one or more of these senses, 
and this may culminate in extreme cases 
in insanity. Everyone has experienced the 
inexplicable preferences shown by invalids 
for certain foods or delicacies, or their 
unreasonable irritation at apparently in- 
offensive objects and colours. Attention is 


being directed to pre-natal influences of 
this kind, which should prove exceptionally 
beneficial. 

A century ago even the “hottest” 
Radical would not have dared to suggest 
“Music in the Factories”, ‘* Harmonious 
Colour Schemes for Offices’’, ** Psychology 
in Schools’’, and other even more revolu- 
tionary ideas. To-day these are not only 
proposed but also applied. The tedium of 
monotonous occupation, and resultant 
impaired performance or output, through 
nerve strain, or weakened senses, for 
example, has been much alleviated by the 
working-to-music idea which has achieved 
well-deserved publicity. Far-sighted em- 
ployers who have installed the necessary 
apparatus as an experiment are completely 
agreed as to the efficacy of the idea, the 
initial outlay being amply compensated by 
increased or facilitated output, while the 
friendly co-operation of a staff, who can 
quickly sense benevolent intentions, is in 
itself a valuable asset. 

One well-known firm of instrument 
makers in Glasgow, controlled until 
recently by two professors, realized the 
notentialities of the new outlook and have 
enlisted all the mighty resources of in- 
dustrial science with conspicuous success. 
This is typically illustrated by one innova- 
tion, selected at random from a wealth of 
bright ideas: all work-benches are covered 
with green baize on which diffused light 
(not direct), controllable and concentrated, 
throws every intricate detail into sharp 
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relief, without the slightest suggestion of 
eye-strain. 

Enough has been said to emphasize the 
position which the science of the senses is 
rapidly assuming. 

Without painting a lengthy historical 
background, let us take a look at past con- 
ceptions and contrast with modern theories. 
For instance, it was known that sleep was 
not a matter of complete insensibility of all 
parts of the body, but was rather an im- 
perceptible quiescence of various faculties 
and organs in succession, resulting finally 
in complete cessation of all normal 
activity. They did not know then that a 
secondary activity came into being, the 
subconscious; but, do we know much 
better? To quote from an early magazine 
(1834): “*...among the senses, the eyes are 
the first that go to sleep and after that the 
smell, taste, hearing and touch become 
drowsy in succession. A slight tickling of 
the soles of the feet will awaken a person 
whom no noise could rouse.” In an 
abnormal subject the sequence would 
probably be varied, and continued experi- 
ment (on less empirical lines) may prove 
useful in diagnosis or even in preventive 
medicine. 

A century and a half ago Brillat-Savarin, 
the renowned gastronomist wrote: **...I 
am not only persuaded that without the 
participation of smell there is no perfect 
taste, but I am even tempted to believe that 
smell and taste form one sense of which the 
mouth is the laboratory and the nose the 
chimney: or to speak more exactly, that the 
tongue tastes tactile substances, and the 
nose gases.”” A remarkable guess which has 
been substantiated by later work, in outline 
if not in detail. 


Taste 


Let us first study taste. Try closing both 
nostrils firmly while eating or drinking and 
you will see that taste is not an isolated 
phenomenon. The unpleasant flavour or 
entire tastelessness of tobacco when you 
have a bad cold is not directly attributable 


to the cold, as you probably imagined, but 
to its effect on the nasal passage by destroy- 
ing the sense of smell which kills your 
appreciation of it. Insensitivity of the ol- 
factory nerves, though not apparent, 
measurable, or even an obvious handicap, 
may, by its insidious nature, be as detri- 
mental to health and happiness as defective 
vision or hearing. 

There are four primary kinds of flavour: 
salt, sweet, acid, bitter. Acidity is specially 
perceived by the sides of the tongue, 
sweetness by the tip, saltness by the tip and 
sides, and bitterness by the base of the 
tongue and soft palate. Our normal diet 
results in a mingling or fusion of these 
cardinal qualities giving complex, composite 
flavours, and our preference for certain 
foods (the term includes drinks) is due to 
the arrangement of these fundamentals, 
which do not associate equally readily. 
Saltness fuses most readily with acidity and 
sweetness, while bitterness fuses less readily 
with sweetness and least readily, if at all, 
with saltness and acidity. Those flavours 
which are first detected by the senses are 
also the first to vanish: saltness is evident 
before sweetness, sweetness before acidity, 
and all three before bitterness. The con- 
spicuous after-taste of bitter substances 
illustrates the distinction. 


Sense of Smell 


No such satisfactory classification of 
odours is available in spite of several am- 
bitious attempts to devise one. Odours are 
more complex than taste and susceptible 
of finer nuances of kind and degree. The 
difference is attributed to the structure 
of the olfactory nerves which more closely 
resemble true nerve cells (as in the eye) 
than do the peculiar taste buds of the 
tongue. 

The complete sensation of taste includes 
(a) the effect on the taste buds of the tongue, 
(6) the effect on the nerve endings of the 
nasopharynx, both before and after the 
swallow, (c) the so-called common sensi- 
bilities, i.e. the temperature and _ tactile 
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sensations, and finally there should be con- 
sidered (d) the element of the subconscious 
and conscious judgement of continued 
sensations. The latter factor is strongly in- 
fluenced by individual preferences based on 
previous experiences, associations, etc. 
This may be called appetite, which is 
essentially a longing for something that has 
become desirable by virtue of past experi- 
ence and has a psychological basis, whereas 
hunger and thirst are physiological. Thus 
a glass of lukewarm water will satisfy the 
thirst, but appetite demands that the water 
be cold: and to one who has known the 
pleasures of-a cool draught of something 
else more sophisticated, the appetite appeal 
is infinitely greater than that of cold water. 
More of the physiological senses respond to 
the latter mental picture. 

For example, a beer-drinker (although he 
may not recognize or acknowledge the 
fact) requests his favourite beverage rather 
by inherent scientific impulses than from 
the urge of habit. His tongue and palate 
“remember” the taste, his nose “re- 
members” the aroma, his mouth “re- 
members” the temperature, and his eyes 
“remember” the colour, clarity and foam. 
Thus all the senses, with the possible excep- 
tion of hearing (and occasionally that too), 
come in for their share of experiences 
whose recollection contributes to his en- 
thusiasm. 

The physico-chemical processes involved 
in the stimulation of the nerves of taste are 
very obscure, but, according to Renquvist, 
the conditions are essentially those of a 
highly extended surface of separation 
between the liquid and colloidal nerve cells 
which necessarily gives rise to adsorption of 
dissolved substances and to electrical 
potential differences at the surface of 
separation. ** Watering of the mouth” is an 
extended illustration of this reaction. 

Many schematic analyses have been 
suggested to explain “taste” and to place 
it on a satisfactory basis, and the table on 
p. 75 is typical of the way in which a com- 
posite flavour is split up into distinguishable 
(and even measurable) entities. 


The evaluation of flavour is in general 
qualitative, but empiricism is quickly 
giving way to quantitative theories. One, 
due to Lazerev, adopts the classification 
already outlined. 

Taste sensitiveness depends on _ the 
different classes of papillae which are 
separately sensitive to the four cardinal 
flavours. Each of these papillae contains a 
taste-sensitive substance which is decom- 
posed by the exciting substance to which it 
is sensitive. The product of this decomposi- 
tion is ionized (i.e. split up into its smallest 
components) and excites the nerve terminals 
in the papillae. Some sweet substances may 
affect to a certain extent sour-sensitive, salt- 
sensitive, or bitter-sensitive papillae; this 
gives differentiation or “shade” to the taste. 
Lazerev has given formulae to standardize 
his deductions. If C is the concentration of 
the sensitive substance in the papilla, Ba 
critical concentration of the ionized pro- 
ducts at which taste is first noticeable 
(threshold concentration), and C? the con- 
centration of the substance to be tasted, it 
is shown that when taste is first observed 


E=1/C?=y'C/y?B, 


where E represents the “‘sensitiveness”’. 

If C is considered as a variable having at 
the beginning the value C,', it is proved 
that 


()' Cy yv"B) —E£ VC, = C,') vB =e Wl 


where y', y*, and y* are constants. This 
equation has been checked by observing 
the time required to taste the salt in 0:7, 
0-1, 0-05, and 0-03 normal sodium chloride 
solutions respectively. These taste-sensitive 
substances appear to be of protein nature. 

Whether we accept these conclusions or 
not is immaterial, but it 1s surprising to 
learn that mathematical exactitude can be 
applied to what appears to be no more than 
a mere whim of “‘unreasoning reason”. 
Einstein has reduced the universe to its 
simplest terms (by complex theories it is 
true), the world’s physicists assert that 
electricity (and indeed all matter) is nothing 
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TABLE I, Taste Sensibility (see p. 73) 


Taste Threshold concentration 


Bitter 0-0005 °%% (quinine) 


Region of maximum detection 
Root of tongue 


Acid 0-007 % (hydrochloric acid) Border of tongue 

Sweet 0-50 °%  (cane-sugar, sucrose) Tip of tongue 

Salty 0-25°% (common salt) Tip of tongue 
TABLE II (see p. 74) 

Sensibilities Taste Odour Judgement influenced by 
Temperature Bitter Aromatic Experience 
Fluidity Sweet Ethereal Association 
Gaseous tang Salty Caprylic Memory, etc. 
Astringency Acid — 


more than a mathematical symbol—why 
should not taste be so examined? 

In terms of the modern theory of acids, 
the intensity of acid flavour depends not on 
the titratable acidity but on the concentra- 
tion of hydrogen ions. Yet the flavour of 
acid-salt foods tastes more keenlyacid than 
that of solutions of pure acids having the 
same strength. This may be a case of the 
fusion of salt and acid qualities, perceived 
preponderatingly as acid. And similarly, 
the efficiency of our senses in the matter of 
their selectivity is astounding, for it has 
been established by experiment that if two 
substances having the same titratable but 
different effective acidities are tasted, the 
tongue picks out the more effective, though 
the most delicate methods are necessary to 
distinguish them chemically or by other 
scientific means. 

Liquids ** taste’’ more readily than solids, 
and indeed perfectly dry materials appear 
to have no flavour whatever, as the nerves 
of the tongue are only influenced through 
the medium of saliva. In order to reach the 
nerve endings, a substance to be tasted 
must be soluble, and it therefore follows 
that a completely insoluble substance must 
also be tasteless. 

It has been easier to estimate the in- 
tensity and relative value of colour, taste, 
and smell than to correlate such physical 
characteristics with chemical constitution, 
the greatest measure of success having been 
attained in the realm of colour. Taste still 

D. Il 


largely eludes the investigator, and there 
would appear to be no common factor 
underlying the sweetness encountered in 
such compounds as sugar, glycerol, sac- 
charin, lead acetate, or the salts of beryl- 
lium, to consider one flavour. Neverthe- 
less, several interesting facts have emerged 
which may in the not-too-remote future be 
used to assist in flavouring synthetic foods. 

Sweetness in organic compounds de- 
pends in many cases on complicated 
irreducible radicles with certain conditions 
attached regarding the presence of an 
auxiliary non-specific group, e.g. a simple 
hydrogen atom. Other radicles, for instance 
a carboxyl group (COOH), may turn sour 
a substance which otherwise fulfils the 
conditions for sweetness. The solution of 
this problem might then throw light on 
another interesting fact, viz. that some 
animals can apparently by taste alone 
detect poisons, while humans are unable to 
do so. 

To avoid a purely subjective evaluation 
of bitter flavour, the fermentation industries 
utilize formulae based on the alpha- and 
beta-resins of hops. Bitterness=(«+4/), 
where the factor (9, in this case) is a variable, 
is typical. 

The close association of taste and smell 
must be emphasized, as it appears probable 
that the latter has acquired in man an 
aesthetic importance quite apart from, and 
transcending, its utility. Thus smell will con- 
fuse investigations upon taste, and it has 

6 
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even been suggested that in sourness, 
sweetness, and so on, we may be dealing 
with biologically false values influenced by 
the criteria of pleasantness and the reverse. 
In practical life this gives rise to an immense 
number of varieties of flavour which are in 
reality due to aroma, and this is intensified 
by the extremely minute quantity of some 
substances (millionths of a milligram) 
which will affect the olfactory organs. 
Speculation has arisen as to whether the 
sense of smell is actually connected with a 
definite loss of material from the odiferous 
substance, but it has been established that a 
loss of weight does indeed occur, thus dis- 
posing of the hypothesis that odour is 
vibratory in nature like light or sound. 
Recent claims concerning the actual trans- 
mission of odours as a complement to 
wireless and television may therefore be 
regarded as fantastic. 

While appetite depends on the subjective 
senses, thirst is a physiological craving for 
water due to the drying up of the surface 
membranes of the oral and throat cavities 
as a result of an inadequate water supply 
to the salivary glands whose function is to 
secrete a moistening and lubricating fluid. 
The ease with which a beverage supplies 
rapidly absorbable water to the body, and 
hence to the salivary glands, determines its 
efficiency as a thirst quencher. Sweet 
drinks are more slowly absorbed than plain 
water, hence the superiority of the latter 
over the products of the soda-fountain, 
at least from the standpoint of satisfying 
thirst. 

If a solid or liquid food is gaseous, the 
aromatic particles carried into the nasal 
cavity intensify its appetite appeal, and if 
all the primary flavours are present the 
taste lingers. Sense of touch is involved, 


for the gas tickles the nose or gives that 
delightful prickly sensation at the back of 
the throat: and also when the material has 
a certain roughness the movement of 
colloidal particles over the mucous mem- 
brane enhances the general impression. The 
greater the degree of coagulation or de- 
hydration in these particles, the greater will 
be the latter effect. All these conditions are 
negatived by variations in temperature, 
and at very low temperatures the sense of 
taste does not act normally. 

The blending of flavours is an art re- 
quiring a certain amount of scientific 
knowledge and a large amount of ex- 
perience, while the blending of aromas may 
be compared to musical chords in which 
several sounds, all of them relatively 
simple, are combined to form an_har- 
monious whole. 

Colour has a bearing on taste and 
appetite. The essential thing is to reinforce 
the pleasurable effect of a flavour by 
creating the desired illusion beforehand by 
means of colour, especially since sight 
always operates before taste. It is a psycho- 
logical fact that taste depends not so much 
on the intrinsic flavour as on the mental 
receptivity of the consumer, and that this 
receptive state is only influenced at the 
very last, after all the other factors have 
had their effect, by the actual aroma and 
finally true flavour of the substance. 

The patient and scientifically controlled 
researches of experimental workers may be 
trusted to add to our reliable knowledge, 
and we must discuss not only taste but all 
the senses to end the tragedy of impaired 
faculties and offer some hope to the 
nervous wrecks of this and future genera- 
tions. 

R. JOHNSON 
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COCKFIGHTING IN BALI 





— is certainly still a national sport, 
even though its exercise has been 
severely restricted by the Dutch govern- 
ment who only allow cockfights to take 
place on certain very special occasions such 
as on the feast of Nepi or Balinese New 
Year. Even then a fee equivalent of about 
one pound sterling has to be paid, and the 
difficulty of collecting this sum from a poor 
agricultural population acts as another 
deterrent. But the keenness of the natives 
is such that they will sometimes hold the 
meetings in very out-of-the-way places and 
hope that they will not be discovered. 
I well remember butting in on one of these 
private meetings and wondering why I was 
being watched with quite an unusual 
amount of anxiety. Once I discovered the 
cause, | soon managed to persuade the 
natives that I was but a harmless wanderer, 
and spent the next few hours being initiated 
into their sport. 

They have many different breeds of 
cocks, but to the layman there are only two 
obvious external differences besides the 


By Dr F. C. E. KNIGHT 


usual ones of colour; namely, one breed 
has a long and feathery tail resembling 
Our own roosters, and another lacks any 
sort of a tail. As they are both very long- 
legged, the latter present a rather ludicrous 
appearance to the untrained European 
eye. 

These cocks play a most important part 
in the lives of the male Balinese, and you 
may be sure to find any member of the 
village community from the age of fifteen 
up to eighty using any leisure moments 
toying with and fondling their birds. They 
certainly enjoy as pampered an existence as 
any duchess’s pet pekinese. Their lives are 
spent in plaited baskets resembling in shape 
an old-fashioned skep made of trellis-work, 
and stand in couples or rows in front of the 
house, the number being pretty well in a 
direct proportion to the wealth of the 
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COCKFIGHTING IN BALI 


The spur is being attached to the leg of the cock 


owner. This is done primarily to accustom 
the cocks to human company, and if an 
owner has not more than one or two birds 
he will take them along to his nearest 


neighbour and place his 
birds alongside the others 
to enjoy their company. 

A cup made out of the 
shell ofa coconut is attached 
to each cage and is used to 
give them drinking water or 
to sprinkle them in the heat 
of the day. In the morning 
they are often taken to the 
nearest rivulet and bathed, 
which rather incongruous 
and undignified treatment 
does not seem to upset their 
equanimity in the least. 
They form part and parcel 
of their owner’s lives and in 
the evening are taken to 
practices of the local game- 
lan. I have often seen by 
the light of a coconut-oil 
lamp onlookers squatting 


on the ground with their 
birds in front of them, and 
even though they are watch- 
ing the shadow-play intently 
they are massaging the leg 
muscles quite automatically 
to lend them added supple- 
ness. 

Challenges are often is- 
sued long before the actual 
bout has been fixed, and 
hundreds of guilders may 
be lost by one person ona 
single fight, for the Balinese 
are inveterate gamblers, 
gambling on _ cockfights, 
cricketfights and various 
games of chance played 
with coins, rather like the 
“pair et impair” of rou- 
lette. 

Cockfights take place in 
the afternoon, and _ the 
place chosen for the fight 


is either in a house specially constructed for 
the purpose or more generally in the village 
square under the holy waringin tree. Once 
the date is fixed, practically the whole male 





Fighting it out in a basket, because one cock 
runs away persistently 
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community assembles bringing the birds 
either in their cages, one each end of a pole 
slung over the shoulder, or in ingenious 
handbag-like baskets woven out of a palm 
leaf, leaving the head sticking out in front, 
and the tail, if any, out behind. Each bird is 
given a needlesharp spur about four inches 
long as a weapon, and this is carefully 
attached to the remains of the right spur. 
Only one spur is attached, and these little 
knives are kept in cases which are often 
beautifully carved and painted. These pre- 
liminaries over, the two opposing parties 
appear in the centre of the square arena 
which has been marked off, and squat 
down on their heels holding up their 
respective birds for the onlookers to judge 
the form, and place their bets accordingly ; 
the wagers are collected by a third man. 
Suppose, for example, one man, 4A, is 
shouting himself hoarse that he is willing 
to put one guilder on the white cock; the 
bookmaker then looks around until he 
hears B shouting that he is willing to put one 
guilder on the red cock; he collects the 
money, and in this fashion all the bets are 
made. Soon the hubbub of voices subsides 
and all eyes are focused on the two birds 
who are beginning to get impatient and lust 
for a fight; the seconds, having ruffled their 
feathers, allow them to make a pass or two 
at each other without, however, letting go 
of them entirely. At a given signal the 
birds are released and the fight is on. 
Ruffles erect they dash at each other, 
pecking furiously, and will suddenly half 
fly, half jump into the air, jabbing viciously 
at their opponent as they land. It quite 


often happens that this first backhand 
stroke will sever a jugular and the fight is 
over in less than ten seconds. Supposing, 
however, that they have missed each other 
and stop for a rest, then the seconds fetch 
their respective birds and try to revive their 
ardour by petting, massage or by blowing 
into their beaks. The interval is over when a 
half-shell of a coconut with a small hole in 
the bottom has sunk into a bucket of water, 
and then the fight begins again. When one 
of the birds stabs the other one to death, he 
will announce the victory by standing over 
the victim and crowing. Sometimes, how- 
ever, the victor fares as badly as his victim, 
falling down dead on top of his opponent, 
with the result that the match is a draw 
and the moneys are returned. On occa- 
sions, one of the birds turns out to be a 
runner, and if he cannot be persuaded to 
stand his ground and fight, the two are 
placed inside one of those plaited baskets 
and a short but severe scuffle ends this 
ignominious fight. The owners retrieve the 
dead bodies, showing little or no regret 
over the deceased. Shouid a bird, how- 
ever, have a gash which may not prove 
fatal, then they spare no pains to try and 
mend the wound. The Balinese have no 
knowledge of the stitching up of wounds in 
human beings, but they use a kind of ant 
to clip together the edges of wounds in 
animals. To do this they hold the ant by 
the thorax and cause it to bite the wound, 
each mandible getting embedded in one 
lip. Then they nip the ant in two, leaving 
the head with the closed mandibles drawing 
the wound together. 
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BLOOD CRYSTALS 


F rat's blood is diluted with water, the 

walls of the red blood corpuscles burst and 
a mass of small red needles is precipitated 
(Fig. 1). The needles are crystals of haemo- 
globin which is the pigment responsible for 
the transport of oxygen in the blood of all 
vertebrate animals. 

Owing to its paramount physiological 
importance, more researches have been 
carried out on the nature of haemoglobin 
than on any other chemical compound. 
Yet our understanding of this unique 
substance is far from complete. We know 
now that each haemoglobin molecule con- 
sists of four complex groups called haemes 
and of a protein component called globin. 
Haeme is a compound between an iron 
atom and a large flat organic molecule 
known as porphyrin. Globin, on the other 
hand, consists of some 20 different units 
called amino- and amino-acids of which 
there may be as many as 600 present in one 
haemoglobin molecule. The globin thus 
constitutes by far the larger portion of the 
haemoglobin molecule; it consists of over 
9000 atoms compared with 300 atoms of the 
four haemes taken together. 

The most important property of haemo- 
globin is its ability to form a loose com- 
pound with molecular oxygen. Four oxygen 
molecules combine with one haemoglobin 
molecule or one oxygen molecule with the 
iron atom in each of the four haemes. The 
oxygen molecule, however, only combines 
with haeme, if the latter is itself bound to 
globin. For if we detach the haeme from 
the globin it immediately loses its ability 
to combine with molecular oxygen, nor is 
this ability restored if the haeme is com- 
bined with any protein other than globin. 


Globin itself combines with substances 
which are closely related to haeme, but the 
compounds between these substances and 
globin do not combine with molecular 
oxygen. The chemical constitution and the 
structure of haeme are known; the struc- 





Fig. 1. Crystals of rat haemoglobin. 
Magnification | x 500 


ture of globin, like that of all physiologi- 
cally active proteins, is unknown. There- 
fore, in order to understand why the 
combination with globin, and with globin 
only, lends to haeme the unique ability to 
act as oxygen carrier, we have now to find 
out how the 600 amino- and amino-acids 
are arranged in the globin molecule. 

One of the most successful methods em- 
ployed in recent years for elucidating the 
architecture of complex molecules is the 
diffraction of X-rays from crystals. If a 
crystal, for instance a diamond, is bathed 
in a beam of X-rays, then the regular array 
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of carbon atoms in the crystal causes the 
beam to be diffracted into a series of 
definite directions. If a photographic plate 
is placed behind the crystal, then the dif- 
fracted X-rays appear as a pattern of dark 
spots on the photographic emulsion. From 
the arrangement of the spots and from their 
relative intensities, the arrangement of the 
carbon atoms in the crystal can be deduced. 





we 
N 


Fig. 2. X-ray diffraction photograph from a 
haemoglobin crystal. The small rectangular spots 
are images of the crystal produced by diffracted 
X-rays. The light ring in the centre is due to 
the apparatus, and the black spot within the ring 
is the image of the X-ray beam in which the 
crystal is bathed. (Natural size) 


After several failures to produce X-ray 
diffraction effects from blood crystals, it 
has now been discovered that, under suit- 
able experimental conditions, they give 
diffraction patterns which are exactly 
analogous to those produced by ordinary 


SEEING IN 


THE problem of finding one’s way about in 
the dark concerns us all in these black-out 
times. In complete darkness, of course, it 
is impossible for the eyes to function, but 
complete darkness rarely occurs; there is 
usually a little scattered starlight on even 
the dullest of dull nights and, under these 
conditions, a healthy person should at least 


crystals (Fig. 2). The meaning of the patterns 
has, at least in part, been interpreted, and 
the results have yielded much valuable 
information as regards the nature of the 
haemoglobin molecule. For instance, it 
was possible to estimate the volume and 
the shape of the molecule in the dry and in 
the wet state, to show that each molecule 
must consist of two identical halves and 
that the four plate-like haemes must all lie 
parallel to each other. The most important 
conclusion, however, was that the haemo- 
globin molecules have a _ very highly 
organized structure and must resemble 
each other in the minutest detail, just like 
mass-produced cars emerging from their 
factory. This means that a protein molecule 
differs from an ordinary organic molecule 
(as, for instance, a sugar) merely in size 
but not in character. 

The study of the actual architecture of 
these giant molecules is naturally a task of 
extreme difficulty which may keep scientists 
occupied for many years. Notwithstanding 
the magnitude and complexity of the 
problem, it is pleasing to know that the 
means for attacking it successfully have 
now been found. For without an intimate 
knowledge of the structure of proteins we 
can never hope to arrive at a complete 
understanding of even the most primitive 
function of the living cell. 


M. F. P. (Cavendish Laboratory, 
Cambridge) 


THE DARK 


be able to see his immediate surroundings. 
Yet, whilst some persons pride themselves 
that they have “eyes like cats’, others 
moan that they are “blind as bats”. 
Recent research work in America throws an 
interesting light on this question of ** night- 
blindness”. 

It is well known that the retina of the eye, 








84 NOTES OF THE MONTH 


on to which the light falls, is built up of 
thousands of minute light-sensitive organs. 
These are of two kinds, the rods and the 
cones. The cones are used in daylight 
vision, and are colour-sensitive, whilst the 
rods function in dim light, and are *colour- 
blind”. That is why we cannot see colours 
in a dim light. The rods are sensitized 
by a substance known as visual purple, or 
rhodopsin. 

When a person passes from a brightly lit 
room into the darkness, he is at first com- 
pletely blind. The cones then begin to adapt 
themselves to the reduced light fairly 
rapidly, and from about the end of the first 
minute to the beginning of the eighth, the 
person is “‘half-blind”’. The sensitive rods 
then begin to adapt themselves to the dark- 
ness, this process going on for a further 
20 min., at the end of which the eyes are 
completely adapted. If the available light 
is now above the person’s “threshold of 
vision’, he will be able to see. Of course, 
if someone's torch or car headlights should 
momentarily dazzle him, the process of 
accommodation has to start all over again. 

Night-blindness in a person is due to the 
eyes having a much higher threshold of 
vision than normal, and recent research 
work by Dr Selig Hecht, of Columbia 


University, and Dr George Wald, of 
Harvard University, has shown that this is 
caused by a deficiency of vitamin A. By 
feeding a person with a vitamin-deficient 
diet, Dr Wald has found that visual sensi- 
tivity will decrease markedly within 24 hr., 
and will continue to decrease until the 
vitamin is restored. The research has also 
shown that the efficiency of both the rods 
and the cones decreases in the absence of 
vitamin A. 

In this connexion it is interesting to note 
that eighty-five old Chinese remedies for 
night-blindness, consisting of twenty animal 
products and sixty-five vegetable products, 
were found on analysis to contain vitamin A 
up to ten or twenty times the average value 
in cod-liver oil. 

Prolonged vitamin A deficiency will 
cause symptoms of disease other than 
night-blindness, but the latter is the earliest 
and most common symptom met with in 
adults. Vitamin A deficiency is known to 
occur in many supposedly healthy adults. 
The deficiency often occurs in types of fever, 
during rapid growth, pregnancy, and with 
an improper diet. The vitamin occurs in 
cod-liver oil, and also to a less extent in 
egg-yolk, milk, butter and cereals. 


D. W. F. M. 


PAPER AND FIBRES FROM CLAY 


PROFESSOR ERNEST HAUSER, of the 
Massachusetts Institute of Technology, 
recently gave an extremely interesting ac- 
count of his research work on the subject 
of clays. 

He had discovered that when colloidal 
suspension of clay, such as bentonite, were 
subjected to treatment in an ultra-centrifuge, 
or dried, they yielded small flakes which 
adhered strongly to each other. These 
could, at will, be made into thin or thick 
sheets or threads which were transparent 


and resistant to water, acids, alkalis, and 
oils. When such a colloidal clay was ex- 
amined in an ultra-microscope, thousands 
of small points sparkling in the light and 
moving slowly at random motion—known 
as Brownian motion—could be seen. 

It was further observed that when electro- 
lytes—substances (like salt) capable of 
conducting electricity in solution—were 
added very slowly, the velocity of their 
motion diminished until there came a point 
when motion ceased altogether. The liquid 
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had become gelatinous, or, technically, the 
sol had become a gel. If this gel was now 
spread out and carefully dried, it was found 
that the particles began to adhere to each 
other and the filaments so formed to inter- 
weave, and a three-dimensional structure 
was gradually seen to form. 

The importance of this process was 
speedily recognized and industry became 
interested. To-day, colloidal clays find 
application as a water-resistant film on 
coarse paper. Thick sheets of this material 
are used as an electrical insulating agent 
like mica, from which, indeed, it is chemi- 


cally indistinguishable. In fact, it is 
“synthetic mica’’. It can be dyed, receive 
print of every kind including photogravure, 
and generally be treated like ordinary 
paper of good quality. 

The chemical industry will find threads 
made of this clay invaluable in filter cloths, 
because clay fibres, unlike the usual fibres 
used in filter cloths, are unattacked by most 
chemical reagents. If expense is a major 
consideration, cheaper fibres, for instance 
viscose or jute, can be coated with this clay 
and give satisfactory service. 

B. V. DEG. 


GLAND GRAFTING 


THE adrenal glands, two small bodies 
situated on the kidneys, produce, besides 
adrenaline, another hormone, which 1s 
essential for life. The failure of production 
of this hormone results in Addison’s 
disease. This is characterized by extreme 
muscular weakness and a deep bronze pig- 
mentation of the skin. Without treatment, 
it is invariably fatal. Within the last few 
years, extracts of the gland have been pre- 
pared which can be injected into patients 
with this disease, and the resulting improve- 
ment is tremendous. Many patients have 
been kept alive for several years by repeated 
injections of adrenal extracts. But fre- 
quently it is found that the effect of the 
injections gradually diminishes and, in spite 
of large doses of the extract, the condition 
of the patient gradually deteriorates. 
Recently, a report has been published of 
the results of transplanting the adrenal 


EXPERIMENTS WITH 


IN America about two years ago a keen 
fisherman, a certain Mr George Beck, had 
an idea that fish, like moths, might be 
attracted by a spot of bright light in spite 
of the fact that the brightest parts of ponds 


glands of sheep into fourteen patients with 
Addison’s disease. The glands were re- 
moved from the sheep immediately after 
killing at the abattoir, and fragments of 
the gland were grafted into the abdominal 
wall of the patients. In all cases, there was 
an immediate improvement in the condition 
of the patients. Their strength returned and 
unpleasant symptoms, such as frequent 
vomiting and loss of weight, rapidly 
vanished. In mild cases, these results 
appear to be permanent, but in the severer 
cases the beneficial effects of the graft 
gradually diminished after five or six 
months. A second graft was made in these 
patients and again an immediate improve- 
ment was obtained. Later reports on the 
progress of these patients will be awaited 
with great interest. 

ae, 


(E. M. Auslender, U.S.S.R.) 


LUMINOUS FISH BAIT 


and rivers seem to exert no particular 
attraction towards fish. Most fishermen 
have remarked, however, that if there is a 
bright light at the end of a pier the fish will 
often follow a bait up to the surface though 


[Turn to page 88 








MULTIPLE-FLASH PHOTOGRAPHY 


The picture below shows how the impact of an iron and ball produces distor- 
tions of a golf club. The picture at the top of the next page is a multiple-flash 
photograph of an ordinary golfer, showing the twist of the head of an iron 
when a tee shot is made; notice the trace left by the ball as it flies upward. 
Below that is a multiple-flash photograph of Bobby Jones with a driver. 
The time interval between pictures is 1/100 second. The exposure of each 
picture is 1/100,000 second. Measured from this lower photograph : 


the ball velocity is 225 feet per second. 
the club velocity before impact is 166 feet per second. 
the club velocity after impact is 114 feet per second. 





Time interval 1/600 second 
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(Continued from page 85) 

they will not snap at it. Mr Beck put a 
small electric flash lamp and bulb inside a 
celluloid toothbrush case and went fishing 
off the pier, picking the poorest spot he 
could find. While the other fishermen 
looked on in amazement, he pulled fish 
after fish out of the sea. He has now 
commercialized this discovery and a whole 
series of illuminated baits is now available 
for the enterprising U.S. fishermen. These 
range from small shrimp-like baits to things 
simulating sand eels. 

It is strange that no human being had 
yet discovered what every angler-fish that 
dangles a luminous feeler in front of his 
cavernous mouth as a trap has known for 
thousands of years.* 

A few months ago Captain van Note, an 
authority on fishing, went to Florida with 
two dozen test baits made from moulded 
cellulose acetate with a small light inside. 
Some of these were used as a lure to cause 
the fish to rise to the surface where a 


* Readers may remember that in our July 1939 
issue we published some underwater photographs, 
taken at a depth of 400-600 metres, of the strange 
little fish that attract their prey by a luminous tip 
to a spike above the mouth. 


separate fresh bait was dangled before 
them. Then a strange thing happened. The 
fish showed preference for the “teasers” 
and some 500 pounders even left their teeth 
embedded in the plastic material. Some 
of the fish which were caught had never 
previously accepted anything except a live 
bait. The obvious device of using a luminous 
paint in different colours in exact imitation 
of the angler-fish has apparently not yet 
been tried, but a cunning unlighted bait 
has been developed. 

This consists of a brightly coloured 
transparent shell moulded from non-flame 
celluloid. A little spiral is put inside the 
shell and, when the bait is pulled through 
the water, this spiral vibrates so that it looks 
both lively and tempting. Specially shaped 
heads have been devised which make the 
lure skip, or dive, or zigzag, and, though it 
has been held in the past that fish do not 
care for blue but prefer red and white, a 
bait of the former colour was found to 
catch more than the other two. Another 
device, the most cunning of all, is the live 
minnow which is used over and over again. 
He is put inside a transparent shell with 
holes bored back and front to keep him a 


lively captive. H. COURTNEY BRYSON 


A NEW TREATMENT OF EPILEPSY 


THE usual treatment of epilepsy is to give 
sedative drugs like bromides or barbi- 
turates which, in the majority of cases, 
reduce the number of fits and sometimes 
eliminate them completely. But there are 
always patients whose symptoms are not so 
readily controlled. Recently, two American 
workers, Dr Putnam and Dr Merritt, tried 
the effect of a large number of new drugs 
on artificial fits induced in cats. One of the 
drugs, sodium diphenylhydantoinate, was 
most effective. They then studied the effect 
of this substance, now marketed as epanutin, 
on patients with epilepsy and obtained 
striking confirmation of their animal experi- 
ments. Complete cessation of fits occurred 
on more than half their patients. In three 


out of every four cases, epanutin gave better 
results than any other treatment. Since 
the original observations of Putnam and 
Merritt, several workers in England have 
been able to confirm their results. Fre- 
quently, cases which had failed to respond 
at all to any other treatment improved 
dramatically with epanutin. The only draw- 
back is that occasionally certain unpleasant 
toxic symptoms are produced, such as un- 
steadiness, vomiting and skin rashes. The 
search for a new drug, which will be as 
effective as epanutin in controlling epileptic 
fits but without its toxic effects, is still being 
made. 1. Y. 


(Putnam and Merritt, Boston, U.S.A.) 
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An Insect-eating Plant 
from North America 


By J. D. CROSS and E. R. PARISER 


LTHOUGH most green plants depend 
A entirely on photosynthesis as a means 
of nutrition, some species have had re- 
course to other methods. Parasites and 
saprophytes are familiar objects among 
green plants; some have dispensed entirely 
with the photosynthetic method, whilst 
others augment the process, as is also the 
case with insectivorous plants. Drosera, 
the sun-dew, is one of the commonest and 
best known of these in England; it has 
modified the leaf by the development of 
glandular hairs which respond to contact 
of an insect by folding in and enclosing the 
prey and by subsequent secretion of pro- 
teolytic enzymes. These are very familiar 
facts and have been described, with many 
other interesting cases, by Darwin in his 


Fig. |. 


book on insectivorous plants. He makes 
no mention, however, of a group of pitcher- 
plants, the Sarraceniaceae, of which, 
among other species, Sarracenia purpurea is 
native in bogs of North America. It has 
been successfully introduced in Europe, in 
central Ireland, and in a few bogs in south- 
western Switzerland. 

The plant consists of a rosette of pitcher- 
like leaves surrounding a single stiff flower- 
stem which bears a pendulous, globular 
flower. The five sepals are deep red, and 
between them project the upcurling green- 
ish pink petals. The numerous stamens are 
hidden by a pentagonal umbrella-shaped 
structure bearing stigmas on the upper 
surface at the ends of its five ribs. This 
organization would appear to allow of 





Photograph : A. Conolly 


Sarracenia purpurea growing in a bog in Switzerland. The bog is called Les Ténasses 


and is situated above Vervey, in the Pre-Alps 
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pollination by creeping insects only. The 
rosettes of pitchers most frequently grow 
closely associated in colonies. (Figs. | 
and 2.) Flowering is almost simultaneous 
in the individual plants and colonies. A 
Sarracenia community in late June, when 
the buds swell and open, is a magnificent 
spectacle; the flowers are held aloof by 
their rigid, proud stems, which consent to 
vibrate when the winds sweep over the 
wide Canadian plains. 

It seems perhaps natural that the main 
food-forming organ of a plant, the leaf, 
should be specialized as an accessory 
nutritive organ. Insects are almost the 
only terrestrial animals small and active 
enough to concern carnivorous plants, 
excluding of course the aquatic bladder- 
worts which have a large range of water 
fauna at their disposal. The leaf modified to 
entrap and make use of insectivorous food 
must have means of retaining and digesting 
its prey. The smell of decaying insects 
already captured, the bright colour of the 
flowers or other parts of the plants, or the 


production of nectar by the entrapping 
leaves, may all serve as means of attraction. 
In Sarracenia purpurea reducing sugars 
have been found in nectar secreted on or 
near the lip of the pitcher. The insect is 
prevented from escaping in some forms like 
Drosera and Dionea—the Venus fly-trap— 
by an active mechanical response. The 
folding of the leaves also provides an 
enclosed space into which the digestive 
enzymes are secreted. The alternative is a 
passively functioning organ, which prevents 
egress by its anatomical structure, such as 
the bladder of Utricularia. This possesses 
a valve which allows entrance only. The 
pitcher of Sarracenia belongs to this 
“passive” category. A definite zone in the 
upper part of the pitcher is lined with stiff 
downwardly directed hairs (Fig. 3), and the 
expanded lip at the top is similarly covered. 
The hairs overlap and form more or less a 
‘“‘slide-down”’ into the bottom of the 
pitcher, but present a grave problem for 
the ascending insect. 

In general the plants with “passive” 





Fig. 2. A closer view of the plant, showing the pitchers 
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means of retaining insects have a trap 
which serves also as a cavity in which 
digestion can take place. In Sarracenia 
this is the cavity of the pitcher. In con- 
trast with S. rubra, where the 
lip turns right over, shielding 
the opening, the cavity in S. pur- 
purea is open and rain water can 
easily collect in it. Fluid is, 
however, found in the S. rubra 
pitchers, and it is likely there- 
fore that it is also secreted in 
S. purpurea. Moreover, it has 
been shown that additional 
liquid appears in S. purpurea 
on experimental introduction of ! 
nutritive material. Proteolytic . 
enzymes have been detected in 
the fluid by Hepburn and Jones 
in their work on the Sarrace- ts 
niaceae. The presence of these 
enzymes may be due (a) to 
secretion by the plant itself, 
(b) to secretion by proteolytic bacteria, 
which have also been found in pitchers con- 
taining insects, or to both these causes. It 
is probable that some of the enzymes are 
peptic and tryptic in nature, since anti- 
trypsins and antipepsins have been found 
in the larva of a dipteran fly, Sarcophaga 
sarraceniae Riley, which lives in the 
pitchers of Sarracenia flava (Hepburn and 
Jones). We have found small brown living 
worms (probably nematodes) in the bottom 
of a large, rather old pitcher. It would be 
interesting to examine such worms for 
antiproteases. 
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A striking quality of the fluid is its 
wetting power. Ants dropped into fresh 
water, bog water, dilute acid or dilute 
alkali were not wetted and died only after a 
long time (6-12 hours in the 
case of bog water). In the pitcher 
fluid, however, the ants were 
wetted at once (in 25 sec. or less), 
died, and sank to the bottom in 
less than a minute. There is 
apparently some toxic substance 
present which paralyses and kills 
the insect. 

Judging by the quantities of 
recognizable insect remains and 
the amount of homogenous 
material which collects in the 
bottom of the pitcher, S. pur- 
purea is quite a successful in- 
sectivore. How far the en- 
trapped material is broken down, 
and how far the final products 
are absorbed by the plant, we 
do not know. Hepburn and Jones have 
shown experimentally that nitrates and 
phosphates are absorbed from the pitcher 
fluid, and it is most likely that materials 
are similarly absorbed in nature and are 
probably of nutritive value to the plant, 
particularly as the soil on which they 
grow is liable to be deficient in salts. 
Among other important problems re- 
mains the question of the fate of the chitin. 
Is it broken down by bacteria, or does 
the plant secrete a chitinase? The latter 
seems highly improbable but is worth 
while investigating. 








Ultra Perception 


Experimental Methods and Safeguards 


In the December issue we published an account of original research into the “‘ultra- 


perceptive faculty” by Dr John Hettinger. 


Last month Mr Whately Carington com- 


mented upon this account. Dr Hettinger sends us the following reply. 


EFERRING to Mr Whately Carington’s 
R friendly comments on the article: ** The 
ultra-perceptive faculty”, I need hardly em- 
phasize that my contribution to Discovery 
was only a concise summary of the research. 
The thesis, which comprises the “statisti- 
cal’”’ and “‘time-factor”’ experiments, will 
be published in full early in the spring, 
when those conversant with the subject, as 
Mr Whately Carington certainly is, will be 
in a position better to judge that part of the 
research. The work concerning the “‘illus- 
trated paper”’ experiments will be published 
sometime later—it is hoped, during the 
same year—when the critics will have more 
extensive and detailed material at their 
disposal to form a proper judgement on 
that which has been accomplished. 

I wonder whether Mr Whately Carington 
would have raised the points contained in 
his comments had he had an opportunity 
of studying the whole of the work. Be that 
as it may, I find it necessary to reply to his 
criticisms in order to avoid any misunder- 
standing and possible misrepresentations. 

1. As regards the first criticism, that 
‘““we want to be absolutely sure. ..that the 
sensitives had no chance whatsoever of 
gaining any relevant information from 
normal observation of the articles sub- 
mitted to them”’, the readers of the thesis 
will be able to judge, from the overwhelming 
number of examples of very specific items 
given by the sensitives, whether they could 
have been obtained froma “scented powder- 
puff’, a ““well-used pipe” or some other 
article, as Mr Whately Carington hints in 
his criticism. To give a few examples at 
random: 


(1) Sensitive : ‘‘Someone lost, drowned or 
an accident near water ’”’; 
Subject : ** Father drowned before sub- 
ject’s eyes.” 
(2) Sensitive : “I get twin babies”; 
Subject: “Yes, my sister and I are 
twins.” 
(3) Sensitive: *“*1 am looking at a tele- 
scope ”’; 
Subject: “*I have a telescope and used 
it within the last few weeks.” 

How could any of these items have been 
inferred from a powder-puff, a pipe or any 
such object, even if the latter had not been 
enclosed in a sealed envelope? Would it, 
really, have made any difference, viz. been 
more convincing, if, say, the “* powder-puff”’ 
were enclosed in “sealed rigid boxes... 
wadded with cotton wool”’, as suggested by 
Mr Whately Carington? 

I fully understand the need for such or 
similar precautions in the case of Dr Rhine’s 
card experiments, and even in the case of 
Mr Whately Carington’s picture experi- 
ments, if the percipients used are close by. 
But surely, one may purposely conceive 
experiments in which such precautions 
would be entirely unnecessary, not only in 
order to satisfy critics, but also for one’s 
own convenience of experimentation and 
guard against self-deception. I should have 
considered it most careless in such an 
important piece of research at the London 
University to pair in my control methods 
the owner of say a powder-puff with the 
owner of a pipe or any two such articles, 
in connexion with which distinctly different 
items could have been obtained, because of 
the clues provided by the objects. But apart 


< 92> 





from t 
the ite’ 
indicat 
could 1 
the nat 
I ne 
satisfac 
himsell 
obtains 
detecte 
2. A 
extent 
on nul 
at leas 
sensitiv 
early ¢ 
object 
the san 
tion sh 
Assu 
by sme 
sealed 
mitted 
could s 
myself 
cable u 
subject 
was ne 
made > 
contrat 
same O 
and th 
the sar 
most o 
occasio 
viously 
experin 
at diffe 
of iten 
actual | 
were ay 
the pai 
explang 
on this 
ao 
the ‘‘ill 
to met 
Opinior 
opinior 


Caring! 


ltra- 
com- 


ed or 


» sub- 


I are 
tele- 
used 


been 
rT any 
been 
Id it, 
been 
puff” 
es... 


ed by 


ch or 
hine’s 
ise of 
x peri- 
se by. 
ceive 
tions 
nly in 
one’s 
1 and 
have 
h an 
yndon 
thods 
h the 
ticles, 
ferent 
use of 
apart 





DISCOVERY 93 


from this, as already stated, the bulk of 
the items perceived were of the character 
indicated by the above examples, which 
could not possibly have been inferred from 
the nature of the object submitted. 

I notice, however, not without some 
satisfaction, that Mr Whately Carington 
himself does not think that the results 
obtained in my research were due to clues 
detected from the objects. 

2. As regards “‘the question of the 
extent to which the use of the same subject 
on numerous occasions might falsify, or 
at least distort, the results. ..and that the 
sensitive might score a lucky hit on some 
early occasion and then, recognizing the 
object if it were resubmitted, might repeat 
the same remarks”’, the following explana- 
tion should suffice to dispel the criticism. 

Assuming the sensitive recognized, say, 
by smell or even by the mere sight of the 
sealed envelope, that the latter was sub- 
mitted one, two or three weeks before, how 
could she have repeated a “lucky hit”, if I 
myself never knew which items were appli- 
cable until the records were returned by the 
subjects duly annotated, and if the sensitive 
was never told what “hits” she actually 
made with any special object? On the 
contrary, it was found that, although the 
same or different objects belonging to one 
and the same subject sometimes produced 
the same item, such occurrence was rare, 
most or all the items given on subsequent 
occasions being different from those pre- 
viously given. Further, as the ‘** time-factor”’ 
experiments showed, the same object used 
at different times produced quite a number 
of items applicable on the day or at the 
actual time of the test, that is to say, they 
were applicable to different experiences on 
the part of the subject. In view of this 
explanation, I need not comment further 
on this point. 

3. The third main comment concerning 
the ‘‘illustrated paper” experiments seems 
to me to be more an expression of personal 
Opinion than a real criticism, on which 
opinion I must join issue with Mr Whately 
Carington. 


It may not be readily conceded, but it is, 
nevertheless, a fact that not many people 
(including, with due respect, quite a number 
of scientists) are statisticians, and that as 
regards endeavours of convincing others, 
statistics may even tend to confuse rather 
than convince. Having realized this fact, 
the present method was conceived, inter 
alia, with a view to obtaining a means of 
investigation which would carry conviction 
direct, instead of having to rely on lengthy 
statistics undertaken by others, and on 
what the investigator and his critics may 
have to say about them respectively. 

I consider the “illustrated paper” tech- 
nique, as Mr Whately Carington designates 
the method which I have conceived, and 
which he himself estimates to be very 
promising, to provide this means. The 
essence of the method, as far as its con- 
vincing power per se is concerned, lies in 
this, that during, say, one hour a sub- 
stantial number of items are found to 
correspond to different pictures in chrono- 
logical order, two series, viz. of items given 
by the sensitive and of pictures contem- 
plated by the subject, being obtained which 
correspond to one another in substance and 
in time. 

Now that the method proved successful, 
not only because of the serial character of 
the results just referred to, but also because 
of the frequent staggering accuracy of 
correspondence of most specific items at the 
very time the picture is being contemplated, 
to revert to statistics, as it is suggested by 
Mr Whately Carington, would, in my 
opinion, be a retrograde move. I submit 
that the very frequent occurrence of exact 
correspondence in substance supplied by 
the new method is more convincing than 
statistics, which at the most can only prove 
a probability. Indeed, I feel that this 
method is destined to supply a source of 
very fertile investigation of the ultra- 
perceptive faculty and thus bring the study 
thereof into alignment with the study of 
other subjects of a positive or concrete 
character, in which use is made of some 
form of quantitative analysis to ascertain, 


7-2 








94 ULTRA PERCEPTION 


say, some specific property, and not of 
statistics to prove the probability of their 
very reality. 

But having said this, in order that I may 
not be misunderstood, I wish to add that 
the method lends itself especially well to 
Statistical investigation by control methods; 
for instance, by comparing the results 
obtained with one illustrated paper with 
those obtained with another one. In fact, 
as will be seen from the work when pub- 
lished, the results of one single comparison 
is quite sufficient to show at a glance the 
superiority of this method over elaborate 
Statistics or anything else that has hitherto 
been attempted on this subject. 

In his third criticism Mr Whately Caring- 
ton has introduced a number of statements 
from which I beg to differ so far as my 
own work is concerned. No useful purpose 
will, however, be served by starting any 
discussion thereon. I am quite contented 
to leave the verdict to the future as to 
whether the three stages in the evolution of 
my research, viz. from the “statistical” to 
the “time factor” and then to the “illus- 
trated paper” experiments, had any logical 
justification. 

I regret, however, to see that Mr Whately 


Carington has misunderstood my sugges- 
tions as regards future possible psycho- 
logical investigations by using the reactions 
of a professional sensitive. He refers to the 
danger of “theorizing’’. But this is the very 
thing which I have avoided all along my 
research. So far, | have been interested in 
facts only, and my interest still remains 
so limited. After the completion of the 
Statistical part, I started on an exploration 
of this, at present, ““mysterious”’ faculty. 
An explorer cannot, and must not, take any- 
thing for granted. He gropes, so to speak, 
in the dark until he finds something, and 
then he uses that which he thinks he has 
found as a clue for further findings. That is 
all that I have done, and I fail to see how 
such a procedure can be referred to as 
“theorizing’’. So far as the suggestions of 
psychological research referred to in the 
last paragraphs of my article are concerned, 
I can only say that unless an explorer, in 
any branch of science, realizes the value of 
his findings as he progresses in his search, 
and utilizes them for further findings and 
constructive work, he will stagnate and 
may even get into the habit of spending all 
his energy by perpetually moving in a 
vicious circle. 


Letters from Readers 


Darwin and Freud 


De mortuis nil nisi bonum is a maxim to 
which I would willingly subscribe, pro- 
vided that by the bonum another dead be 
not injured. 

When I read in the November number of 
Discovery Dr Banister’s note on Professor 
Freud, repeating Freud’s own megalo- 
maniac estimation of his invention and 
comparing it to Darwin’s work, I merely 
mused on the suggestibility of some persons 
and passed on. But now I see on p. 641 of 
the December issue of your Journal a like 


view subscribed to by no less a man than 
Mr H. G. Wells, and I feel I must protest, 
for it is a libel on the great Englishman. 
Darwin and Freud are as poles asunder! 
I need not enlarge upon Darwin’s work. 
Everyone knows his modesty, his meticu- 
lous care in his experiments and researches, 
his strict adherence to scientific method 
and reasoning. In Freud, however, we find 
none of these qualities. Without any verifi- 
cation or control of his speculative ideas, 
he rushes into publicity with immodest 
self-assurance and self-aggrandisement. | 
have dealt elsewhere with the subject, and 
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it must suffice to give but one example, but 
a characteristic one, of Freud’s whole work. 

Freud asserts in his Zur Pathologie des 
Alltaglebens that if one writes down hap- 
hazard any number that comes into one’s 
head, this number has been prompted by 
the “‘unconscious’’, which statement he 
then proceeds to prove. He manipulates 
the digits of his number, singly or in groups, 
adding some, subtracting others, by multi- 
plication or division, and thus gets a new 
set of numbers, to which events in his life 
can be assigned. He gives several examples 
of this experiment and forthwith rushes 
into publicity. It never occurs to him to 
perform a control experiment, i.e. take a 
number put down by someone else and 
treat that number in the same way. He 
would have found that any number will 
give similar results. I performed such 
control experiments by taking Freud’s own 
number and obtained a far better result 
than Freud himself. 

Could anyone imagine Darwin acting in 
such slipshod unscientific manner? 

Freud’s dream analysis is on all fours 
with his number analysis. His writings are 
full of contradictions, and no one who has 
not been psychoanalysed and is able to 
examine them critically can possibly come 
away convinced. 


A. WOHLGEMUTH, Shortlands, Kent. 


The Speed of Birds 


SINCE my letter in the January issue in 
reply to Mr Lane’s communication to you, 
I have come across the 1939 issue of the 
Shooter's Diary. This is produced by the 
Sporting Ammunition Department of Im- 
perial Chemical Industries. 

Naturally this department has had to 
make an intensive study of the flight speed 
of birds in order to have achieved such 
world-wide fame for the effectiveness of 
their products. It was therefore with great 
interest that I found in the diary the 
following notes on the subject. 


“Having regard to all the available in- 
formation, the following maximum speeds 
in m.p.h. are suggested for a short horizontal 
spurt in still air: Golden Plover, Teal, 
Canvas-back, 70; Blackcock, Swift, 68; 
Peregrine, 62; Pheasant, Grouse, 60; Wild 
Duck, Mallard, 58; Merlin, Blue Rock, 
Goose, 55; Partridge, 53; Green Plover, 
Starling, Jackdaw, 48; Wood Pigeon, Rook, 
Swan, 45; Kestrel, 43; Homing Pigeon, 
Swallow, 36; Quail, Landrail, 34.” 

Furthermore, it is also rather suggestive 
that in their calculations of forward allow- 
ance the I.C.I. base their figures on an 
average flight speed of 40 m.p.h. 

It will be noted that the I.C.I. lay stress 
on the importance of stil] air, thereby 
accentuating the need for observation of 
the condition of the air at the time of the 
flight. 

The whole series of speeds as given by 
these authorities accords very closely with 
those mentioned in my article, “‘ The Speed 
of Birds”’. 


H. T. WINTER, M.I.Ae.E., Writtle, Essex. 


The Humming-Bird 


CONSIDERATIONS of space prevent me 
from replying in full to Mr Winter’s re- 
joinder (in the January issue) to my 
comments on his article on the above 
subject. But I feel the interest of the 
question raised concerning the wing beats 
of the humming-bird is such that the subject 
ought not to be left where Mr Winter 
apparently wants to leave it, viz. by stating 
that my “beliefs do not alter the facts”’ 
while ignoring entirely the evidence I 
adduced in support of my belief. 

The point at issue can be stated quite 
briefly. Mr Winter says that it has been 
proved that humming-birds flap their wings 
at 200 beats per second. The only evidence 
he adduces in support of this statement is 
an undocumented reference to a new type of 
camera with a shutter speed of 1/100,000th 
second. 

I consider the speed of wing movement 
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mentioned by Mr Winter a gross exaggera- 
tion. Probably the finest high-speed cine- 
matograph unit in the world is at the 
Massachusetts Institute of Technology. 
Both in 1936 and 1939 the wing movements 
of humming-birds were studied there. The 
results obtained indicated that the maxi- 
mum speed was one-third of that claimed 
by Mr Winter (vide [/lustrated London News, 
12 September 1936, and Science Digest, 
October 1939). 

If Mr Winter still claims that his figures 
are correct, will he kindly give full details 
and references of the experiments upon 
which his statements are based? 


FRANK W. LANE, Ruislip. 


A Motorist’s Note 


I WAS interested in the article on “The 
Speed of Birds” in the November issue. 

While motoring along country roads I 
have often thought that when the pace was 
over 35 m.p.h. birds about the size of a 
thrush, if flying on a converging path, 
broke their path sharply just in front of the 
radiator as though to avoid being run down, 
whereas I noticed that when I was going 
under 35 m.p.h. they flew on across my 
path unconcernedly. 

The sudden swerve has occurred often 
enough for me to conclude that the birds 
one encounters fly at about 30 m.p.h. 

Perhaps I need hardly add that my 
scientific and ornithological knowledge is 
minimal. 

J. V. SAUNDERS, 


Ashbourne, Derbyshire. 


Not to be eaten 


IT is with much alarm that I read that 
your reviewer of Wild Foods of Britain is 
comforted in learning that there is only one 
lethal fungus in this country. If the newly- 
weds to whom the book is recommended 
take this advice, they are liable to become 
newly-deads. 


To mention only three in addition to the 
Death Cap (Amanita phalloides) which are 
deadly poisonous, there are the Fly Agaric, 
Verdigris Agaric, and Warted Agaric. 

Bulletin No. 23, “* Edible and Poisonous 
Fungi’, issued by H.M. Stationery Office 
is a useful publication on the subject. 


F. J. TARRY, Hatch End, Middlesex. 


Sound Reproduction 


THE note in the November issue of 
Discovery on “Sound Reproduction on 
Paper”’ recalled to my mind the descrip- 
tion of a similar device in the technical 
journals of seven or eight years ago. This 
was a gramophone developed by the 
Austrian Selenophone Company, using for 
reproduction and recording a selenium 
cell and a string galvanometer. ‘** Records” 
were transferred to narrow paper tape by a 
printing method in which an inked photo- 
graphic impression of the original on a 
metal plate was transferred to rubber and 
thence to the paper. It was claimed that 
these paper strip records could provide 
about 70min. sound reproduction per 
300 metre drum. These developments of the 
gramophone suggest immense possibilities. 
Apart from “Talking Books” it may be 
possible to “store” important radio pro- 
grammes at the listener’s end, to be listened 
to when he has the time and inclination. 
Extremely important also is the invention 
of synthetic sound, the drawing by an artist 
on paper records of complicated wave 
forms, which can then be converted into 


sound. 
JOHN BLAKE, Hove, Sussex. 


Trees and the Rain 


WHILE taking a Biology lesson recently, 
I mentioned that deforestation of a country 
was said to lower its rainfall, and conversely 
that afforestation tended to increase its 
rainfall and, incidentally, its temperature. 
I wonder if the author of ‘‘How Much 
Does it Rain?’’, in the December issue, can 
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confirm or deny these statements? If the 
former, can he give me chapter and verse to 
which I cau refer? Professor Priestley of 
Leeds tells me that though such statements 
are made, they are perhaps based on im- 
pressions rather than on hard facts. 
Denudation is, of course, another matter 
altogether. 
GEO. B. WALSH, Scarborough. 


We sent this letter to Mr Reginald Lester, 
whose reply is given here. 


FACTS certainly confirm Mr Walsh’s sug- 
gestion that deforestation tend to lower 
rainfall. Formerly fertile districts have in 
many instances become almost barren 
owing to the destruction of forests, and the 
rainfall in the growing season has almost 
disappeared. Cyprus, the Russian Steppes, 
and parts of Austria may be quoted as 
examples. 

On the other hand, areas that have been 
previously useless for agriculture have been 
rendered fertile by afforestation, as a result 
of the increased rainfall and atmospheric 
humidity, and the additional shelter af- 
forded. Also, of course, afforestation 
lowers the mean temperature. 

I do not think I can explain the reason 
for this more clearly than by quoting the 
words of a well-known authority, Mr 
Percival Trentham Maw, formerly Professor 
of Forestry at the Royal Agricultural 
College, Cirencester. He says: ** Inasmuch 
as the average temperature of the air is less 
in woodlands than in the open country, it 
follows that the relative humidity of the 
atmosphere is much increased by the 
presence of woodlands....Hence, on ac- 
count of this increase in the relative 
humidity, there is always, ceteris paribus, 
a greater likelihood of rain or mists occur- 
ring in a well-wooded area than in a treeless 
country....Again, as air rises, and gets 
more rarified, it becomes cooled, and, if its 
relative humidity were already near the 
saturation point, the moisture contained 


therein will consequently be precipitated 
either as mist, dew, or rain.”’ 


REGINALD H. LESTER, Brentwood. 


Iron and Health 


ON p. 621 of the December issue, Dr 
Watchorn gives the daily requisite to 
provide the necessary amount of iron as 
24 1b. of brown bread, or 15 eggs or 5 or 
6 lb. or more of green lettuce or cabbage. 

There must be millions of people in this 
country who eat only a small fraction of 
this dose and yet are entirely healthy. Is it 
possible that Dr Watchorn has stated the 
weekly instead of the daily requirements? 


F. TWYMAN, London. 


Below we publish Dr Watchorn’s reply. 


VARIOUS authorities give the optimum 
requirement of iron as 15 mg. daily, and 
the examples I gave are correctly worked 
out on this basis. Details of one of these 
will probably suffice. The average iron 
content of 100g. of cabbage or lettuce is 
0-8 mg. of which probably only 60-80 % is 
utilizable. If, for convenience, one takes 
75 % as utilizable, then 15 mg. will be 
contained in 2500 g. of the cabbage or 
lettuce—that is, in approximately 54 lb. 
Kidney and liver are rich sources of iron, 
but eggs, greenstuffs and brown bread, 
though considered among the best sources, 
contain only small amounts. The examples 
were given to show that it is not as easy to get 
a sufficiency of iron as it is to get a sufficiency 
of, say, potassium. In former days iron 
cooking vessels and non-stainless cutlery 
probably provided an appreciable quota of 
the day’s needs. With normal food intake 
and a good mixed diet men probably get 
enough iron, but investigation has shown 
that women eat on an average only 68 % 
as much as men, although their iron re- 
quirements are higher. Almost all women 
have a subnormal haemoglobin content of 
the blood and are generally greatly benefited 
by an increased iron intake. 
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I think you will agree that a person may 
be “‘healthy” in the ordinary accepted sense 
of this word, without being in optimum 
health. I am rather surprised that you 
think there are millions of people in this 
country who are “entirely” healthy. As 
nutritional research and social surveys add 
to our knowledge, the more it is evident 
that the diet of the majority of people is 
suboptimal in many respects, and the more 
it is realized that the level of health can be 
raised by purely nutritional means. The 
effects of a small deficiency of an essential 
factor may be unspectacular but none the 
less real. 

It is interesting that the Council of 
Foods of the American Medical Associa- 
tion has recently issued a_ statement 
advising the addition of specified amounts 
of iron to wheat flour and other cereal 
products *‘in the interest of public health”’. 


E. WATCHORN, Cambridge. 


The Flying Earwig 


I HAVE just read Dr Malcolm Burr’s in- 
teresting article in Discovery (August 1939), 
** Another Earwig Problem”’. [ have seen an 
earwig fly—once at least. I think I have seen 
it oftener, but one instance particularly im- 


pressed me because the earwig alighted ona 
wall close beside me and I watched it folding 
its wings. This it did by first folding them up 
like a fan, and then turning the pincers at 
the posterior over its back and deftly 
tucking the wings up fold by fold until they 
were tightly packed, after which a final 
push was given so that they fitted in under 
the forewings. I am not a scientist but | 
am a very careful observer of nature and 
may claim to have a good memory. This 
incident took place in England before | 
came out to New Zealand. I find a good 
many earwigs in the garden here— 
especially in the earth when I am digging 
about the end of winter. Hence I conclude 
that they hibernate underground. May I 
offer the suggestion that they do not 
normally fly much but they use their wings 
for courtship. This seems to me to fit in 
with the observations you record, and 
would be in line with certain ants which fly 
for courting and then shed their wings. 

I may add that I have once or twice been 
sharply nipped by an earwig—not bitten 
but pinched. 

(MRS) H. M. FELKIN, Hawkes Bay, 
New Zealand. 


This letter has been forwarded to Dr 
Malcolm Burr, who is at present in Bel- 
grade. 





NOBEL PRIZE-WINNERS 


The Swedish Academy of Science has awarded the 1939 Nobel Prize for Physics to Professor 
Ernest Orlando Lawrence of the University of California, for the discovery of the cyclotron and 
for the results obtained with it, especially with regard to artificially radioactive substances. 


The 1939 Nobel Prize for Chemistry has been divided between Professor A. Butenandt, director 
of the Kaiser-Wilhelm Institute for Biochemistry, Berlin, for his work in connexion with sexual 
hormones, and Professor L. Ruzicka, of the University of Technology, Zurich, for his work in 
connexion with Polymetylenes and higher terpene compounds. 
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RED SQUIRRELS 


Y only regret on first discovering that 
I had bred red squirrels in captivity 
was that I had failed to throw light upon 
the period of gestation. I cannot say on 
what date the pair mated. Some naturalists 
say gestation is 6 weeks; some say 4 weeks. 





By Phyllis Kelway 


Had it not been for the dislocation caused 
by war, I might have solved the problem 
another season, for surely once a squirrel 
has mated he is likely to do so again under 
the same conditions. 

The parents were youngsters just able 


oF ; 
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to feed themselves in the first week of 
August 1936. In 1938 there was a mating 
but unfortunately nothing came of it; I 
rather suspect that the laundry which was 
put out on Monday mornings, without my 
knowledge at the time, was the cause of the 
failure. This is pure conjecture, but I had 
always kept the pair as undisturbed as 
possible. After this misfortune, I gave up 
hope and did not go to the same pains in 
1939 to bring about a family, but I did 
place a few 15 ft. brooms from the garden 
in the summer-house where the squirrels 
lived. I bunched the brooms at one end 
to form a thicket, and afterwards paid less 
intensive attention to the pair. 

In 1939 the female, who had always 
been bad at moulting, carried through 
the job more successfully; she had com- 
pleted her moult by the middle of April, 
and had looked quite respectable through- 
out February and March. On 12 May I was 
cleaning the dishes, when the female jumped 
on to my back. She had always been utterly 
fearless with me and friendly, and I took 
no notice until she began with violence to 
tear at the tweed cloth on my shoulder. 
Then suspicion dawned on me and I went 
for cotton-wool and other soft material, 
which I flung beneath the brooms. Before 
dusk she had built a bulky nest of straw, 
hay and twigs close under the roof. 

Probably, from all the signs, the babies 
were born in the early hours of 13 May. 
At 8 a.m. loud squeaks could be heard 
coming from the nest, but the mother was 
not in the least put out. She jumped on to 
my shoulder for her buttered toast, sat 
there eating it, and looked in splendid con- 
dition. I was careful not to touch her with 
my hands, although the precaution seemed 
unnecessary. 

For the next few days the mother ate 
enormously of bread-and-milk and apples. 
She was quiet and confiding, but I did not 
put my hand into the nest until 21 May. The 
young squirrel I removed was totally naked 
except for a few hairs just showing on his 
lips; these hairs were no longer than | mm. 
He was bluish pink all over. I did not 





The mother 


photograph him, for fear of upsetting the 
whole business, and I put him back before 
5 minutes had passed. 

During the following few days we had 
the heat wave which constituted the summer 
of 1939. The mother was constantly with 
the babies, but on 7 June she left them long 
enough for me to take one out to measure 
and photograph. The young one was lightly 
furred all over with a coat of a deeper 
mahogany shade than the reddish coat of 
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Red squirrel among apple blossom 


his mother. I measured his hairs with some 
care: they were 3 mm. on tail, 2 mm. on 
back, and extended 2 mm. beyond the edge 
of the ears. A width of 2 mm. down the 
centre of the under-surface of the tail was 
bare of hairs. The eyes were not yet open 
but, in spite of his helpless condition, he 
was capable of squeaking very loudly and 
Shrilly. His length from base of tail to tip 


of nose was 105 mm., and his tail, exclusive 
of hairs, was 70 mm., while the hairs 
extended 4 mm. beyond the tip. The third 
digit of the right hand was 10 mm. without 
nails; this, proportionately, was very long, 
and his hands and feet certainly seemed to 
form a prominent part of his anatomy. 
The eyes were open on 18 June, but the 
young were still unable to clutch a branch 
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2. Five weeks and one day old 
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4. A coat of deep mahogany shade 
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Thirteen weeks and one day old 


The father, about three years and three months old 
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for more than a few moments. On examina- 
tion I found the litter consisted of three 
males and one female. One of the litter was 
smaller, although not less strong physically, 
than the others, and all were in excellent 
health. On the 25th their clutching powers 
were greatly improved, and they could 
scramble among the branches when dis- 
turbed. On the 29th they came out of their 
nest for the first time by choice, but stayed 
out no longer than half an hour. They were 
incapable of feeding themselves until the 
15th, which is a long enough time from birth 
to indicate clearly that red squirrels are not 
independent of their mother at a month old, 
as is often stated. Even at this date they still 
required milk from their mother, but were 
able to nibble sunflower seeds and banana. 


From 8 May I had been hand-rearing 
a baby grey squirrel on a fountain pen- 
filler, and I should say that the constitution 
of the grey is infinitely better than that of 
the red. Probably this is one of the reasons 
why the grey survives where the red suc- 
cumbs. There seems to be no doubt that 
the red goes under when in distress, whereas 
the grey rides more stoutly above disease 
and damp. The grey can face grave odds 
against him; having watched both red and 
grey very closely both in the wild and in 
captivity, I doubt whether the red can face 
any odds at all. He flinches at the slightest 
mishap, both temperamentally and physi- 
cally, and a wet summer causes countless 
youngsters to catch cold and die. 
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By Colin Eccleshare 
= is recorded that the Lisbon earthquake _ in a solid, elastic body, the shock is trans- 

of 1755, the most severe in European’ mitted to every part of it in the form of 
history, was explained by the English clergy waves. Although the rocks which compose 
as a stroke from heaven directed atrampant the earth do not seem to us particularly 
popery; the Roman Catholic inhabitants — elastic, the earth in fact acts as an elastic 
of Lisbon, on the other hand, ascribed it body, and, when an earthquake takes place, 
to the presence of Protestant hereticsamong waves or vibrations travel from the cenire 
them, and proceeded to baptize them for- of disturbance throughout the earth, and 
cibly into the Roman Church to prevent may sometimes be seen as actual undula- 
a recurrence. To-day, with moral geography tions of the ground; at greater distances, 
in a rather confused state, few people with where they are so slight as to escape the 
a sense of justice would attribute earth- human senses, they may be recorded on 
quakes to the particular wickedness of the suitable instruments. 
inhabitants of the countries subject to them; All sorts of things will cause the earth 
on the other hand, although seismology, to tremble—heavy traffic, the pounding of 
the science which studies earthquakes, can waves on the sea-coast, local falls of rock, 
tell us a good deal about their causes, it or volcanic eruptions—but earthquakes . 
can do nothing about preventing them. proper are due to more deep-seated dis- - - 

An earthquake is quite simply what you turbances in the earth’s crust, caused by adie 


would expect it to be, a shaking or trembling 
of the earth. When a fracture takes place 


the cooling of the interior and the processes 
of adjusting the comparatively rigid crust 
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From Jeans: Through Space and Time 


Fig. 1. Folding. As the geological hammer shows, this is an example of violent crumpling on a 
small scale. Movement of this type is one way of relieving strain in the earth's crust 
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peg Jeans: Through Space and Time 


Fig. 2. A fault. The horizontal beds of rock have yielded to strain and are broken along the 
diagonal line. Faulting, or a slight movement alcng an old fault line is believed to cause most 
earthquake shocks 
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to the shrinking core. More particularly 
they seem to be associated with the crustal 
movements that have produced the great 
mountain chains. It has been found, by 
plotting the frequency and severity of earth- 
quake shocks, that these occur mostly in 
two zones, corresponding roughly to the 
regions of most recent mountain building. 
These seismic zones, as Fig. 3 shows, run 
(a) from the Mediterranean, through the 
mountain regions of Asia Minor and the 
Himalayas, to the East Indian Islands and 
Eastern Australia, and (4) in a great sweep 
around the Pacific Ocean, including the 
western mountain ranges of the Americas, 
and the Japanese Islands. This does not 
mean that earthquakes cannot and do not 
take place elsewhere. We have them in 
Britain; here, too, they seem to be con- 
nected with mountain building, but of a 
much earlier date. Here they are the last 
twinges in the process of geological settling- 
down, and, on that account, are likely to 
be less violent than in more recently dis- 
turbed regions. 








EARTHQUAKES 


Deformation of the earth’s crust may 
be of two kinds. It may take the form of 
gentle warping or folding, or strain may 
be relieved by an abrupt fracture or faulting. 
It is the latter which is generally held 
responsible for earthquake tremors. Some- 
times, as in the San Francisco earthquake 
of 1906, and the Japanese earthquake of 
1891, faults may actually appear at the 
surface; in others the fracture lies deep 
down and little permanent displacement is 
visible. 

The close association between faulting 
and earthquakes is well brought out if we 
examine the structure of areas frequently 
disturbed by tremors. For instance, the 
Japanese Islands, which are particularly 
subject to earthquakes, lie in a region 
crossed by a whole series of faults. In 
many places the land gradients are very 
steep, and mountains several thousand feet 
in height and ocean depths of more than 
25,000 ft. may be found side by side. The 
whole region is highly unstable, and fre- 
quent slipping and readjustment along the 
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From Davison: Manual of Seismology 
Fig. 3. Areas especially subject to earthquakes, according to Milne. The two seismic zones 
referred to in the text include (a) the areas marked H, K, and F, and (b) the areas A, B, ©, 
D, and E 
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From Davison: Manual of Seismology 


Fig. 4. Fault scarp at the surface, formed during the Japanese earthquake of 1891 
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From Davison: Manual of Seismology 


Fig. 5. Line of fence cut and displaced horizontally by movement of the 
San Andreas fault. California earthquake of 1906 
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= Fig. 6. The California earth- 


quake of 1906. The central con- 


iis tinuous line represents a part of 
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From Davison: Manual! of Seismology 
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lines of faulting is to be expected. Again, 
in the San Francisco earthquake of 1906, 
the area of maximum disturbance followed 
closely the line of the San Andreas fault; 
some slight settling process along this fault 
almost certainly produced the earthquake. 
In the case of most British earthquakes 
the centres of disturbance lie on or near 
lines of known faulting; the isoseismal lines 
for the Inverness earthquake of 1901, join- 
ing places where the shock was of about 
equal intensity, form elongated rings along 
the line of the Great Glen fault, which 
crosses Scotland from south-west to north- 
east. The recent earthquake in Turkey has 
also been accompanied by movement along 
the main fault-lines in the region. Faulting, 
like all geological processes, takes place 
very slowly from a human point of view, 
and the amount of movement involved in 
quite severe earthquake shocks may be so 
small as to escape measurement. 

The damage done by earth tremors varies 
with the nature of the ground; soft alluvial 
deposits are more violently disturbed than 


comparatively rigid rocks. But the heavy 
loss of life and material destruction which 
we associate with earthquakes are generally 
the product of secondary effects rather than 
of the actual tremors. These secondary 
effects include abnormal sea-waves, set up 
by disturbances of the sea-bed, landslips, 
floods due to the dislocation of normal 
drainage, and fissuring of the ground. In 
the recent Turkish earthquake, as in most 
Others, most of the casualties have been 
caused by secondary effects, such as floods 
(several rivers have changed their courses), 
the collapse of buildings, the interruption of 
drainage and electricity and water supplies, 
and the fires, devastation, and disease, which 
follow. Seismology can do practically no- 
thing to prevent all this, beyond asserting, 
not too helpfully, that certain areas are 
more likely than others to experience earth- 
quakes, and suggesting to architects the sort 
of shocks and strains that buildings in 
these areas should be made to withstand. 
Seismology is not one of the immediately 
“useful” sciences, but the information it 

gives does throw a good deal of light on 


== larger problems connected with the earth 
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on which we live. 

The fracture or slipping which causes 
an earthquake usually lies some distance 
below the surface, a matter of a few miles 
perhaps; the place where it actually hap- 
pens is called the seismic focus. The point 
on the surface directly above it is called 
the epicentre. The visible effects of an 


earthquake are confined to a fairly small 


area around the epicentre, but the vibra- 


| tions it produces can be recorded at 


places hundreds of miles away. The in- 


“=> strument which records them is called 


a seismograph. This consists essentially 
of a large rigid pillar of brick or concrete 
fixed firmly into the solid ground; the 
passage of earthquake waves causes it to 


From Jeans: Through Space and Time Vibrate. To it is attached a pendulum, 


Fig. 8. The essential parts of a seismograph. Vibra- 
tions in the earth are transmitted to the brick pillar 
and set the booms swinging. The heavy pendulums 
act as fixed points against which the vibrations can 


which remains unaffected by vibration, 
and so acts as a fixed point against 
which the movement of the pillar can be 
registered. This movement is magnified 


be measured. These are recorded on a moving strip mechanically and recorded by a pen on 
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a strip of moving paper. A single instru- 
ment of this sort will of course record 
vibrations in one direction only, and in 
practice several are used in order to obtain 
a complete record. 

Earthquakes appear on seismograph 
records as wavy lines of varying width and 
wavelength; in general, three well-marked 
phases can be distinguished. Fig. 9 shows 
a simplified version of an ideal earthquake 
record. First of all come the preliminary 
tremors, which are very faint; then follows 
a period of more marked vibration, though 


direction in which the wave is travelling; 
they are also called primary or “* P”’ waves. 
The second kind are distortional, **shake”’, 
secondary or “S’’ waves, and in these the 
particles move across the direction of travel, 
from side to side or up and down. Besides 
these waves, travelling through the interior 
of the earth, there are also waves which 
travel along or near the surface, and appear 
on the seismograph record as the main 
vibrations; these are called Rayleigh waves, 
and may be both compressional and dis- 
tortional. On account of the differences 
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Fig. 9. Simplified sketch of a seismograph record of an earthquake. P, preliminary tremors 
(primary); S, secondary waves, L, main, surface, waves 


the waves are still fairly small in range and 
length; after this the main tremors appear 
as long-period waves of much greater range 
and regularity. These gradually die away 
and may end with a short coda of smaller 
vibrations. This picture of an earthquake 
as seen at a station some distance from 
the epicentre is complicated, because the 
original shock is transmitted from the focus, 
through the earth, by waves of different 
sorts which travel at different speeds and 
by different routes. Waves transmitted 
through a solid elastic body, such as the 
earth, can be of two main kinds. The first 
are waves of compression, or “push” 
waves. In these, individual particles are 
moved backwards and forwards in the 


between them, and the different times of 
their arrival at seismograph stations, these 
various waves give us valuable information 
about the nature of the materials through 
which they have passed. In some cases 
seismologists have detected as many as six 
sets of waves, which have travelled by 
different routes from the earthquake focus 
to the seismograph station. Some are pre- 
sumed to have penetrated from the upper 
layers in which the focus is situated to some 
deeper, more uniform, layer, where the 
compressional and distortional elements 
become separated out, the former travelling 
more rapidly, and so appearing first on the 
seismograph record as the preliminary 
vibrations. In the upper parts of the crust 
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From Jeffreys: The Earth 


Fig. 10. Actual seismograph records of the Jersey earthquake of 1926, taken at Uccle, Belgium, 
showing (above) the vertical, (centre) the east-west, and (below) the north-south components. The 
letters and arrows added to the records distinguish various sets of waves as they appear 
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Fig. 11. The probable paths of earthquake waves from the seismic focus to a recording station. 
(From Jeffreys, The Earth.) The six waves are marked by the letters P, S, P*, S*, Pg, Sg. 
Broken lines indicate waves transmitted along or near the boundaries of the four layers a, b, c, 
and d. a is the surface sedimentary layer, b the granitic layer, c the intermediate layer (basalt or 
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diorite), and d the lower layer (dunite, peridotite, or eclogite) 


the rocks are composed of such varying 
materials that the two sorts of wave are not 
able to separate, so that records taken on 
seismographs near the epicentre do not 
show the usual division into three phases; 
the fact that at greater distances the primary 
and secondary waves are separated shows 
that some such homogeneous layer must 
exist. It is found, too, that, at stations more 
than about 110 degrees distant from the 
epicentre, distortional waves no longer 
appear. Now it is known that waves of 
this nature cannot be transmitted by a 
liquid, and it is therefore concluded that 
the central core of the earth, with a radius 
about one-half that of the whole globe, 
consists of some material which is liquid, 
or which acts as a liquid, to which these 
waves have penetrated. 

Calculations of the velocities and paths 
of the various waves into which an earth- 
quake shock is split up make it possible 
not only to suggest that these different 
layers exist, but also to form some idea of 
their composition. Seismological evidence 
leads us to believe that the earth consists 
of a central core, probably of liquid iron 
and nickel, surrounded by at least three 
rigid layers, the upper one granitic, the 
middle one basaltic, and the lower of less 
certain composition. Above all these come 
the sedimentary rocks, which cover wide 


areas Of the surface; these are largely 


derived from the granite masses, which, as 
we know from geological surveys, form the 
continental cores. The various subsidiary 
waves which have been detected in seismo- 
graph records are supposed to have been 
reflected and refracted at the boundaries 
of these different layers, in much the same 
way as light rays when they pass through 
a sheet of glass. These waves and their 
history are too complicated to be discussed 
here; but the books mentioned below will 
provide plenty of material for those who 
wish to follow up this and other earthquake 
problems. The sort of information that 
a Skilled seismologist can extract from an 
apparently simple seismograph record may 
be judged from Fig. 11, which shows various 
earthquake waves distinguished by Dr 
Harold Jeffreys and the paths they take 
from a seismic focus to a seismograph 
Station. 





BOOKS FOR FURTHER READING 


STEERS, J. A. The Unstable Earth. 

DaLy. Our Mobile Earth. 

DaAvISsSON, C. British Earthquakes. 
Manual of Seismology. 
The Origin of Earthquakes. 

JEFFREYS, H. The Earth. 
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Reviews of New Books 


Great Flights 
Mr Shepherd is the editor of The Aeroplane 


and was formerly aeronautical correspondent 
of The Times. The present book,* a member of 
A. & C. Black’s new series “‘Epics of the 
Twentieth Century”’, is an account of a dozen 
or so notable flights. The author starts with an 
introductory chapter and then follow accounts 
of the flights of Ross Smith, Brown and 
Alcock, the airship R 34,de Pinedo, Lindbergh, 
Hinkler, Amy Johnson, Wilkins, Kingsford 
Smith, the Everest flyers, Wiley Post, the 
British and Italian long-distance service 
flights, and finally Amelia Earheart’s last 
tragic venture. Mr Shepherd is a journalist, 
and his style usually suits the swift motion of 
the aerial voyagers. The accounts are vivid, 
and plenty of data are provided as to distances, 
speeds and dates. There is a certain sameness, 
however, from chapter to chapter so that, 
though each is full of interest, the book is one 
that is better not read straight through in a 
day. Some may feel that in places journalistic 
verbosity has outrun the requirements of 
simple narrative and description. Amelia 
Earheart, for example, possessed “‘a spirit in 
which philosophy and instinct were so mixed 
that no mere male mind could fairly assay it. 
Courage was part of her philosophy, yet the 
urge to fly to distant places was practically 
instinctive’; in fact she was one of those who 
“presented to the century of mechanical things 
a measure of esteem which makes it unashamed 
to remember its progenitors”’. All will appre- 
ciate Mr Shepherd’s enthusiasm over these 
great flights and the daring pilots and navigators 
who made them, but it is surely carrying 
comparison to absurdity when he likens 
Lindbergh and Kingsford Smith to Cook and 
Magellan. 

No book can be expected to be inclusive, but 
it is strange that there is no mention whatever 
of the Russian polar and trans-polar flights of 
recent years. It would have been an advantage 
as well if Mr Shepherd could have dropped 
even a small hint that the attempted delinea- 
tion of new country from photographic and 
other data obtained on pioneer flights may 
sometimes lead to gross errors. Recent great 
flights in Antarctica, followed by later work on 
the ground, have demonstrated this only too 
clearly. But Mr Shepherd is certainly to be 
thanked for collecting together the facts of a 


* Great Flights, by E. Colston Shepherd. A. and 
C. Black, *“‘ Epics of the Twentieth Century.”’ 7s. 6d. 
net. 


number of first-class flights, and presenting 
them in a way that passes on to the reader at 
least some of the adventurous thrill that was 
felt by the pioneer aeronauts themselves. 


G. C. L. BERTRAM 


Prelude to Chemistry 


It has long been one of Professor Read’s chief 
contentions that chemistry should be reckoned 
among those subjects known as the “‘humani- 
ties”’. In Prelude to Chemistry* we see that this 
claim is not altogether unfounded. Here, with- 
in the short compass of 300 pages, there is 
packed so much scholarship, so many pleasant 
asides, and so many fascinating if mysterious 
illustrations that one can hardly read the book 
without feeling more “human” than before. 

It would be impossible within the scope of a 
short review to give the barest outline of what 
this book contains—this survey of alchemy 
from its earliest beginnings in the East, right on 
to the “‘puffers’’ of medieval Europe and still 
on to the last of the alchemists. But it is not as 
a survey alone that we welcome it—admirable 
as it is from this point of view—but also for 
Professor Read’s characteristic selection of 
material and entertaining comments which are 
always full of interest. 

It is safe to say, in fact, that the present book 
will prove stimulating to all, whether or not 
they are interested in alchemy as such. The 
‘“‘left-wing”’ enthusiast will be enthralled to 
learn that Basilius frankly admitted that the 
obscurity of alchemists was necessitated by the 
fact that there was ‘‘no other way of keeping 
up the divinely ordained difference between 
rich and poor’; the man to whom chemical 
symbols are a mystery will be delighted to learn 
that HgSAu may also be represented under the 
guise of two frisky lions at war with one an- 
other, while those—should there be such—who 
in a moment of enthusiasm wish to raise their 
vocal organs in songs concerning the Divine 
Art will find suitable songs set to music in the 
Appendix: 


With a dense gas a thin gas is mixed: 
Pass the electric spark, 
And pop! You have water! 


(To be sung in Latin) 
And so, if at times the book is difficult going 


and the reader feels that he cannot learn to 
appreciate the strange symbols of the alchemical 


* Prelude to Chemistry, by Professor John Read. 
2nd ed. Bell, 12s. 6d. 
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Masters, he will at least be assured of a rich 
reward in the form of jewels scattered by the 


wayside. R. E. D. CLARK 


A Text-Book of Heat 


_ This book* is intended for the use of students 
preparing for Higher School Certificate and 
intermediate examinations in physics. In it the 
subject is developed from the historical point 
of view, and interesting biographical notes are 
given on those who have made notable con- 
tributions. When, as here, the historical treat- 
ment of a subject is made a help to under- 
standing its logical development, there is a 
great advantage in using it. 

One of the most difficult parts of the subject 
for students is always the question of the 
properties of gases and their use in thermo- 
metry. This is clearly treated but the statement, 
which gives as a recommendation for the use of 
a gas as a thermometric substance the fact that 
pure gases possess a regular coefficient of ex- 
pansion, might lead to misunderstanding. It is 
made quite clear implicitly later in the book 
that the rate of change of any property with 
temperature is regular on the temperature scale 
defined in terms of that particular property, 
and what is meant by the above statement is 
presumably that on the mercury scale of 
temperature the expansion of gases is (ap- 
proximately) regular. This, surely, from our 
present point of view, is a recommendation for 
mercury thermometers rather than for gas 
thermometers, which do not need it. The fact 
is that in discussing thermometry it would 
probably have been safer to depart from the 
strictly historical method at first and to give a 
historical survey of the way the present 
position has been arrived at after the position 
itself had been fully defined. Another point 
that might be emphasized, even at the stage of 
the present book, is that the state defined by 
the ideal or perfect gas is not a fiction of the 
imagination but is the actual state to which 
any gas approaches as its pressure becomes 
lower and lower. If they wish to do so, 
teachers will easily be able to make these 
adaptations for themselves. 

'. he book contains an excellent and compre- 
hensive selection of examples and succeeds 
admirably, where so many books of this 
standard fail, in conveying the impression that 
there are many more interesting things to learn, 
and in indicating something of what they are. 
In this connexion, and because it gives an 
excellent perspective of the historical develop- 
ment, the chapter on atomic and molecular 
theory should be mentioned as one example. 
The student who works systematically through 


* A Text-Book of Heat, Part I, by H. S. Allen 
and R. S. Maxwell. Macmillan, 10s. 
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the book should be adequately prepared for 
his examination and, what is more important, 
for embarking on the more advanced study of 
the subject. KR. 


A Text-Book on Light 


In this companion volume to his well-known 
text-book on heat, Dr Barton has provided a 
book on optics for Higher School Certificate, 
Scholarship or Pass Degree students which 
might be described as “‘different”’’.* In it he 
has adopted a presentation which is historical, 
he tells us, “‘in the sense that the discovery of 
facts and the development of ideas is presented 
as they occurred historically”. Starting from 
the earliest observations of the properties of 
lenses and mirrors, geometrical optics is de- 
veloped through a study of the telescope and 
optical instruments to modern photometry, 
the emphasis being placed throughout on 
practical aspects. Thus, a considerable section 
is devoted to the defects of lenses and their 
corrections, which are simply and clearly 
explained. In the second half of the book, the 
theories underlying the experimental facts are 
described, and the later chapters contain 
accounts of the corpuscular and wave theories, 
and of the phenomena of interference, diffrac- 
tion and polarization and of the spectrum, 
leading up to an elementary discussion of the 
photoelectric and Compton effects. The treat- 
ment of these subjects is adequate; but it may 
be regretted that no account of interferometers 
and their simple applications is included. The 
book is illustrated with good diagrams and a 
number of excellent plates. It could be read 
with advantage by students more advanced 
than those for whom it is primarily intended, 
and by those whose main interest is likely to 
become more technical, as in the trade of the 
instrument maker or the profession of the 
oculist. 


Select List of Books Received 
by Discovery 
(Mention in this list does not preclude review) 


Sparks, Lightning, Cosmic Kays. DAYTON 
CLARENCE MILLER. (Macmillan, I 1s.) 
Advanced Algebra. BARNARD and CHILD. 
(Macmillan, 16s.) 

Gardening Without Soil. A. H. PHILLIPS. 
(Pearson, 3s. 6d.) 

Intermediate Botany. L. J. F. BRIMBLE. 
(2nd ed.) (Macmillan, 8s. 6d.) 


* A Text-Book on Light, by A. W. Barton. 


Longmans Green and Co., 8s. 
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